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ABSTRACT OF DISSERTATION 
 
 
 
 
TEACHER EFFECTIVENESS:  
THE ROLES OF TEACHER CHARACTERISTICS,  
PREPARATION, AND TURNOVER 
 
 
After nearly a century of research, scholars are still unable to concretely define 
the personal and professional characteristics that predict effective teachers. This 
dissertation contributes to the research base by using a unique dataset that allows the 
estimation of unbiased effects of teacher characteristics and preparation program on 
student gains. These estimates provide new evidence that, with quality data, teacher 
characteristics can predict student gains.  
 
 The effects of teacher characteristics on student gains are analyzed using data 
from a Kentucky school district that links teachers to individual students over time. A 
series of fixed- and between-effects models are used to arrive at unbiased estimates of 
GPA, math content hours, and math education hours. A similar model is used to estimate 
the effects of teacher preparation programs on student gains. Results from the empirical 
models suggest that teachers’ overall GPA is highly predictive of students’ academic 
gains, although the effects decline as teachers gain experience. The positive effect of 
math content hours is noteworthy because it does not decrease over time, suggesting the 
importance of gaining content knowledge during teacher preparation. The data do not 
permit conclusive results to be drawn regarding the impact of specific teacher preparation 
programs on student gains, although additional data are being collected in the district that 
will allow the successful completion of this study in the future. 
 
 A nationally representative dataset is used to analyze the effects of school 
workplace conditions on teacher turnover. Results from the logit and multinomial logit 
models suggest that workplace conditions affect the transition decisions of teachers who 
switch schools, but not those of teachers who leave the workforce entirely.  
 
The findings of this dissertation inform ongoing policy debates that are relevant to 
stakeholders at all levels of the educational system. The empirical chapter on teacher 
turnover focused on policy levers that can be influenced at a more local level – workplace 
conditions. This study also informs the policy debate on pathways to teacher certification. 
The results of the teacher characteristics demonstrate the value of both content and 
pedagogical knowledge on student gains.  
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 Chapter 1 
Introduction 
 
After nearly a century of research, scholars are still unable to concretely define 
the personal and professional characteristics that predict successful, effective teachers. 
The literature is complex and seemingly contradictory; findings are sensitive to student 
populations, geographic regions, and research methodologies. Scholars persist in this 
challenging line of research however, because of the potential benefits that consistent 
results could bestow at all levels of the educational system. At the individual teacher 
level, this information could help college students determine their fit with the profession. 
At the teacher preparation level, a solid understanding of these characteristics would 
assist programs in creating and using appropriate eligibility criteria, aid advisors in 
identifying successful future teachers, and point out key areas of emphasis and 
development in the curriculum. At the administrator level, this information will help with 
hiring decisions and retention practices. Teachers are the most important factor in the 
educational process, and policies that improve teacher efficacy lead to improved student 
outcomes. 
 
Empirical Focus 
The three empirical chapters in this dissertation focus on defining and retaining 
effective elementary teachers. The second and third chapters consider the impact of 
teacher training on student achievement. The fourth chapter explores the relationship of 
three workplace conditions with teacher turnover, which is shown to be detrimental to 
student learning. 
 
The Roles of Teacher Characteristics and Preparation Program   
 The first two empirical chapters focus on the impacts of undergraduate 
preparation on student gains. The existing literature on the impacts of teacher preparation 
is fairly limited because of severe data limitations. Datasets that link teachers to 
individual students are still relatively rare and difficult to access, and the additional 
requirement of teachers’ undergraduate transcript data imposes a further constraint. The 
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 Educational Professional Standards Board, in cooperation with an anonymous school 
district in Kentucky, made available one of the only datasets in the nation that enables 
research investigating the causal impact of undergraduate preparation on student 
achievement gains.  
Teachers’ undergraduate training has important implications for their future 
success in the classroom. The quality of undergraduate training and teacher preparation 
programs are believed to vary across post-secondary institutions due to differential 
admissions criteria, quantity of classes required, minimum required GPAs, expectations 
of faculty, and exposure to different theories of teaching and learning. Several companies 
publish annual ratings indices of post-secondary institutions and teacher education 
programs based on these and other quality indicators. It makes intuitive sense that the 
different knowledge and skills taught in each program will lead to differential rates of 
success in the classroom, yet research does not indicate that college quality, as measured 
by a ratings index, is linked to student achievement. Rather than use a proxy to relate 
quality of teacher training to student achievement, this study assesses the value-added of 
seven teacher preparation programs on student learning. It poses the hypothesis that the 
graduates of one college will have distinct rates of success in the classroom, as measured 
by student achievement gains, when compared to the graduates of another college.    
Not only is the college of attendance potentially important, but so is the 
coursework taken by the elementary teachers and their performance in those classes. 
Content and pedagogy knowledge should have positive influences on student learning. 
All else equal, teachers who have taken more hours of math content and math education 
have had higher levels of exposure and should have more knowledge in these areas. 
However, exposure is not an indication of the teachers’ understanding and performance, 
so the study also incorporates teachers’ overall, math content, and math education GPAs. 
GPA is likely to be correlated with content mastery, motivation to succeed, or a 
combination of the two. For these reasons, it is expected that GPA will have a positive 
relationship with student learning gains.   
Finally, elementary teacher characteristics, such as college of attendance and 
number of coursework hours, are not expected to affect all students similarly. Most of the 
research on student achievement pools all students in one group, which suggests how 
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 elementary teacher characteristics affect the average student. However, students’ 
backgrounds and experiences factor into the learning process, and teachers may not be 
equally successful in communicating knowledge to different groups of students. The 
diversity of the student body in this school district allows each of the empirical models to 
be run separately on African American and European American students.  
 
The Role of Workplace Conditions on Teacher Attrition 
Teacher turnover incurs monetary and production costs. Recruiting, interviewing, 
hiring and training new teachers are costly and time-consuming. Additionally, student 
learning suffers because of the learning curve that all teachers experience when placed in 
a new classroom setting. Assuming, as recent research demonstrates, that effective 
teachers are not turning over at higher rates than ineffective teachers, then reducing 
teacher turnover will improve student learning. 
While much of the turnover literature focuses on the teacher characteristics that 
predict exit, I take an organizational approach. Teachers choose to begin or continue 
employment at a particular school because the mix of job duties, workplace environment, 
and personal preferences provide the highest level of utility out of all available options. 
District superintendents and school administrators have few policy levers with which 
they can encourage teacher retention - salary schedules are pre-determined at the district 
level and staffing shortages dictate whether a teacher can receive a course load reduction. 
However, administrators can exert influence over the workplace conditions that cause 
teachers to switch jobs or leave teaching. To determine whether workplace conditions 
present a viable policy lever that administrators can use to retain teachers, I analyze the 
relationship between three workplace conditions known to cause teacher stress with 
teacher transition decisions.  
All three empirical chapters add to the research base that seeks strategies to 
improve student learning. Chapters two and three explore factors that are predictive of 
successful teachers, while chapter four considers workplace conditions that may 
influence teachers to stay in the workforce.  
 
Copyright © Sharon Kukla-Acevedo 2008 
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 Chapter 2 
Do Teacher Characteristics Matter? New Results on the Effects of Teacher 
Preparation on Student Achievement 
 
Economists and policy researchers are now demonstrating that teachers “matter.”  
After many years of research that failed to find systematic relationships between policy 
variables and student outcomes, recent research illustrates that individual teachers 
generate differential effects on students’ test scores and other outcomes. Many of these 
studies are based on empirical results that estimate teacher fixed effects.  Rather than 
identifying measurable and observable characteristics of teachers, the studies use fixed 
effects to control for teachers and find that the fixed effects are significant in explaining 
student achievement (Rivkin, Hanushek & Kain, 2005; Rockoff, 2004). Scholars and 
policymakers now face the challenge of identifying observable characteristics of teachers 
that signal quality teaching.  The work in this area is extensive and varied, employing a 
mix of methodology, data, and units of analyses. Despite this variation, the literature is 
suggestive of some teacher characteristics that are important for student learning.  
Recent studies generally report that teacher experience has a positive effect on 
student test scores (Rivkin et al., 2005; Jepsen, 2005; Noell, 2005, 2001; Rockoff, 2004; 
Goldhaber & Anthony, 2007; Clotfelter, Ladd & Vigdor, 2006; Krueger, 1999; 
Goldhaber & Brewer, 1997; Sanders, Ashton & Wright, 2005). The positive effect also 
appears to be non-linear in nature as demonstrated by substantial improvements in 
teaching skill during the first three to five years in the classroom with the effects 
generally tapering off around the fifth year (Rivkin et al., 2005). Despite this fairly 
consistent result, not all studies find an association between experience and student 
achievement (Ehrenberg & Brewer, 1994; Cooper & Cohn, 1997; Ferguson & Ladd, 
1996). While not specifically acknowledged by the authors, the methodologies employed 
in these studies provide one possible explanation for the lack of finding. Ehrenberg & 
Brewer (1994) and Cooper & Cohn (1997) use OLS estimation without fixed effects, 
making the estimates vulnerable to omitted variables bias.  Ferguson & Ladd (1996) use 
Hierarchical Linear Modeling (HLM), a technique that is becoming increasingly popular 
in education research because its error structure accounts for the nested nature of the data. 
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 However, as noted in Jepsen (2005), it assumes that the variance in achievement is due to 
classroom specific factors rather than attributing it to omitted student-level factors such 
as motivation. Studies that use HLM typically report smaller effect sizes than studies that 
employ OLS and fixed effects methods.  
All of these studies make the implicit assumption that experience operates 
similarly for all teachers. However, it is likely that the effect of experience varies with 
teachers’ qualities or abilities. Rather than estimate the effect of this variable 
independently of other teacher attributes, this paper looks at the joint relationship 
between teacher experience and teacher qualifications to determine whether experience 
has a consistently positive effect on student achievement.  
There is tenuous evidence that teachers’ content area preparation affects student 
learning. Using a strong value-added design that includes teacher fixed effects, 
Goldhaber & Brewer (1997) find that holding either a BA or MA in math has a 
statistically significant, positive relationship with student math achievement. Monk 
(1994) presents a nuanced relationship between teacher content preparation and student 
achievement. He finds that teacher preparation predicts student performance, but the 
magnitude of the positive effect varies according to subject matter and grade level. 
Neither of the datasets used in these papers has the capacity to link individual students to 
teachers, forcing the authors to aggregate to the classroom level. This prevents the 
authors from exploring the non-random sorting of teachers and students within and across 
schools, so the results could be biased in unknown ways. Using student-teacher matched 
data from the San Diego Unified School District, Betts, Zau, & Rice, (2003) improves 
upon the design of these prior studies by including student fixed effects to mitigate 
omitted variables bias. The study fails to detect a systematic relationship between content 
area preparation and student achievement, but the generalizability of these findings must 
be considered since the data represent only one school district in the U.S. No nationally 
representative dataset contains measures of teacher content preparation and matches 
students to their teachers over time, so it is important to explore the role of content area 
preparation in another geographic region of the country. 
There are other reasons to examine content area preparation further. Teachers’ 
skill and knowledge are important factors to consider when measuring the impact of 
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 teacher inputs on student achievement, but data limitations typically force researchers to 
use proxies like number of college courses taken and degree attainment to capture these 
dimensions. While these proxies should be positively correlated with content knowledge, 
they may not reflect teachers’ ability to transfer knowledge in the classroom. This paper 
improves upon past research by including several variables that indicate elementary 
teacher performance during pre-service training – overall GPA, math GPA, and math 
education GPA. All else equal, a high achieving college student is likely to be a high 
achieving elementary teacher.  
 
Data and measures 
This paper uses unique data from a school district in Kentucky that matched 
individual teachers to 5th grade math students.  They were compiled with the cooperation 
of the district and the Kentucky Education Professional Standards Board (EPSB). EPSB 
compiles annual data on all teachers in the Commonwealth and also maintains detailed 
records of the teachers’ pre-service training. The agency provided 5th grade data for the 
2001, 2002 and 2003 academic years. After accounting for missing information, the 
dataset contains 3,812 students, 46 schools, and 120 teachers.  
The outcome measure is the individual change in achievement on the Kentucky 
Core Content Test (KCCT). The measure incorporates the standardized 4th grade reading 
and 5th grade math test scores from the Kentucky state testing program. The state does 
not test the same subject in subsequent years, therefore, the change score must be 
calculated by differencing the reading and math scores1. The KCCT is a criterion-
referenced test that assesses individual student performance against a specified set of 
state educational goals and consists of both multiple-choice and open-response questions. 
The test scores are converted to grade-by-year Z-scores with a state mean of zero and 
standard deviation of one. The math achievement mean of students with complete teacher 
information is 0.078 with a standard deviation of 1.073, suggesting that this sample of 
students performs slightly higher than other 5th grade math students in the state. A test of 
                                                 
1 The use of a reading test score as a measure of prior achievement for a math outcome is fairly 
unconventional. However, Eberts & Hollenbeck (2001) look at the properties of different subject area tests 
and determine that this is a feasible option in value-added models, such as those employed in this paper.  
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 the hypothesis that the mean is zero results in t=4.344, p<0.0001, thus the sample mean 
math achievement test score is statistically significantly different from zero.    
Demographic information on the students, including gender and race, is included 
in the models. Indicator variables specify whether the student is female, African 
American, Latino/a, Asian American, or Other. Male and European American students 
provide the reference categories. Students also report on subsidized lunch status, allowing 
the creation of three variables that indicate whether a student receives federally 
subsidized lunch, partially subsidized lunch, or does not qualify for subsidized lunch. 
Table 2.1 provides means and standard deviations for the student and teacher 
characteristics. The table indicates a racially diverse district with 62.4 percent European 
American students and 32.6 percent African American students.  Asian American and 
Latino/a students combined constitute roughly three percent, but these are both growing 
segments of the population in this district.  Female students make up 50.8 percent of the 
population, 48.9 percent receive some form of subsidized lunch.  
The dataset contains detailed information on the elementary teachers’ college 
coursework and GPAs. The numbers of math content and math education hours taken 
during pre-service training are included as distinct variables in the models. GPA is 
separated into overall, math content, and math education categories in order to model 
different dimensions of teachers’ pre-service performance. Experience is a continuous 
variable that measures the number of years the individual has been teaching and 
experience squared is included in order to account for the non-linear effect of experience 
on student achievement. To consider the joint relationship between experience and 
teacher attributes, the coursework and GPA variables are multiplied by years of 
experience. These five interaction terms show the effects of teacher attributes on student 
achievement over time. Teacher demographic variables are incorporated in the same 
fashion as the student demographic variables, with male and European American teachers 
serving as the omitted categories. On average, teachers take slightly more math content 
hours than math education hours and they earn higher GPAs in math education courses 
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 than in math content courses. An overwhelming majority of teachers in the sample are 
European American, female, and have about 16 years of experience. 2  
The dataset also includes information on school characteristics. The percent of 
students in the school that are European American, African American, Asian American, 
Latino/a, or some other race, and the percent of students that receive federally subsidized 
lunch are incorporated into the models to control for the effect of school composition on 
student achievement. 
 
Teacher Student Sorting  
Administrative data that tracks students and teachers over time allow researchers 
to examine how teachers are sorted across schools. Teachers make choices about where 
they want to teach based on salary, location, and student composition of the school 
(Boyd, Lankford, Loeb & Wyckoff, 2005). Teachers with the more desirable 
qualifications, in terms of certification, college performance, or experience, have more 
options to consider when choosing a school in which to work. Because of this, highly 
trained or experienced teachers tend to work in more sought-after school settings, which 
are generally located in higher-income communities. Clotfelter and colleagues (2006) use 
the term “positive matching” as a descriptor of the process wherein teachers with higher 
qualifications teach the most affluent or able students. There is some empirical evidence 
demonstrating that positive matching also occurs within a school (Rivkin et al., 2005; 
Betts et al., 2003, Clotfelter et al., 2006). School administrators generally discourage this 
kind of matching on equity grounds; however, parental influence may affect the 
placement of their children to especially qualified, skilled, or capable teachers.    
It is necessary to compare the sorting patterns of this school district to determine 
whether they are reflective of other states and districts.  If positive matching occurs and 
no statistical corrections are made, regression coefficient estimates for the pre-service 
training variables will be biased upward. If negative matching occurs, where particularly 
qualified teachers are assigned students that are historically more difficult to teach, then 
                                                 
2 Average years of teaching experience is slightly higher than is found in other datasets. Using statewide 
data from North Carolina, Goldhaber & Anthony (2007) report average years of teaching experience to be 
roughly 13 years; Jepson (2005) shows average experience to be roughly 14 years in the Prospects dataset, 
and in the Longitudinal Survey of American Youlth. However, Monk (1994) reports average teacher 
experience to be just over 16 years, similar to that found in this sample.  
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 estimates will be biased downward. If the distribution of teachers and students 
approaches random, then fixed effects may not be required to measure the impact of 
teacher ability on student math achievement.  
 Lankford, Loeb, and Wyckoff (2002) show that teacher qualifications are 
substantially worse in low-performing schools that have large populations of poor and 
minority students. To describe the matching patterns in the district, schools are 
categorized according to their populations of poor, minority, and low-achieving students. 
Non-random sorting of teachers across schools is a well-documented phenomenon, and it 
is possible to detect sorting patterns even under the most conservative specifications. For 
example, sorting patterns emerge when schools are split into two equally sized groups 
under each domain; it is not necessary to compare schools at the top and bottom quartiles 
of the distributions. To compare the top half of the distribution to the bottom half, schools 
with over 75% of students receiving subsidized lunch are classified as “Poor” the rest of 
the schools are labeled “Not Poor”; schools with over 40% of students belonging to a 
minority racial group are classified as “High Minority” with the remaining schools 
labeled “Low Minority”; Below Average Performing schools have a lagged average Z-
score below zero and the rest are labeled Above Average Performing. Average teacher 
characteristics (years of experience, overall GPA, math hours, math GPA, math education 
hours, and math education GPA) are calculated for each of the six groups of schools. If 
positive matching across schools occurs in this district then the average teacher 
characteristics will be lower for the Poor, High Minority, and Below Average Performing 
schools. Table 2.2 presents the results of the across school sorting analysis.  
 In nearly every case, hypothesis tests indicate that the mean teacher characteristics 
are statistically different across groups and the results provide examples of both positive 
and negative matching. Illustrating positive matching patterns, Poor and High Minority 
schools have, on average, teachers with fewer years of experience, lower overall GPAs, 
and lower math content GPAs than their counterparts. However, Poor and High Minority 
schools also have teachers who have taken more math content hours, more math 
education hours, and have higher math education GPAs. The split according to previous 
year’s average performance further illustrates negative matching. Below Average 
Performing schools have, on average, teachers who have taken more math content and 
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 math education hours, and have teachers with higher math content and math education 
GPAs.  Regardless of the form of the matching, the presence of these sorting patterns has 
implications for the analysis employed. Specifically, models should include fixed effects 
to account for the bias introduced by the matching patterns. 
 To explore within school sorting, teachers with a specific level of a qualification 
are compared to the rest of the teachers in the school. If teachers with the lowest 
qualifications teach higher percentages of poor or minority students than the average 
teacher in the school, then there is evidence of positive matching within the school. 
Conversely, if teachers with the lowest qualifications teach lower percentages of poor or 
minority students, there is evidence of negative matching within the school. This type of 
sorting within the school is less commonly observed than across school sorting, therefore, 
this part of the analysis focuses on teachers at the bottom quartile of the distribution. 
Table 2.3 lists six teacher qualifications: Experience < six years, Overall GPA < 2.697, 
Math Hours < 6, Math GPA < 2.667, Math Education hours < 9, and Math Education 
GPA < 3.0. The columns look at the percentage of minority students taught, percentage 
of low-income students taught, and the average performance on the previous year’s test.  
Table 2.3 provides statistical evidence of positive and negative matching within 
schools. Teachers with low GPAs and few hours teach higher percentages of minority 
and poor students, and their students have significantly worse lagged achievement scores. 
Teachers with fewer than six years of experience have smaller percentages of minority 
and low-income students in their classrooms, but they are also assigned students with 
lower test scores.  
 
Empirical results 
 Non-random sorting occurs in this district, so OLS models will provide biased 
estimates of the effects of teacher characteristics. To control for time-invariant, 
unmeasured variables, such as motivation or parental support, a series of fixed effects 
models are employed. Using this technique, the variation within students is used to 
estimate the effects of teacher qualifications. The appropriate interpretations of these 
coefficients relate changes in a teacher’s level of a particular qualification to the change 
in a single student’s academic performance.  The fixed effects model can be expressed as:  
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 Ait - Ait-1 = ΔAit = β1Stuit + β2Tchijmt + β3Schmt + γi + δj + λm + uit  
where Ai and Ait-1 are measures of student achievement, Stuit is a vector of student 
characteristics, Tchijmy is a vector of teacher characteristics, such as years of experience, 
college GPA and coursework, Schmt is a vector of school characteristics, including the 
racial and socioeconomic composition of the school, and ui is an error term. The 
subscripts denote students (i), teachers (j), schools (m) and time (t), while γi is a student 
fixed effect, δj is a teacher fixed effect and λm is a school fixed effect. To eliminate the 
three levels of fixed effects, the student effect is demeaned, while the teacher and school 
effects are modeled by including indicator variable regressors. Finally, standard errors are 
clustered by teacher to account for the nested nature of the data. This assumes that 
students with the same teacher are subject to the same time-varying unobserved factors, 
but not students within the same school, otherwise.   
Of primary interest is the estimation of β2, which, if correctly modeled, can be 
interpreted as the impact of elementary teacher qualifications on student gains. Modeling 
student achievement is challenging because of the threat of omitted variables bias, which 
is likely to arise if unobserved family or student characteristics are correlated both with 
teacher ability and student achievement. The model guards against this by controlling for 
unmeasured time-invariant factors.  
The fixed effects model is estimated on the full sample of students, as well as 
several subgroups. African American and European American students are analyzed 
separately because there is evidence that these two groups respond differently to school 
and teacher inputs. Ehrenberg & Brewer (1994) find that teachers’ college selectivity 
affects the achievement scores of European American students only, while advanced 
degrees impact the achievement scores of African American students. The peer effects 
literature provides motivation for looking at the effects of teacher ability on groups of 
students categorized by achievement levels. This literature indicates that the composition 
of students in a classroom has implications for learning, especially for certain groups of 
students (Hoxby, 2000). Low-performing students are affected by their peers’ 
characteristics more than high-performing students, so classrooms composed of a diverse 
set of abilities benefit students at the bottom of the distribution, while those at the top 
remain largely unaffected (Zimmer & Toma, 2000). It is reasonable to extend this 
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 argument to determine whether teacher characteristics have differential impacts on below 
average and above average performing students, as measured by their prior test scores. 
Since family income is generally a predictor of student performance, the model is also 
run separately on students that receive federally subsidized lunch and those that are not 
eligible.  
Results from the fixed effects models are listed in Table 2.4. The direct effects of 
overall GPA, math GPA, math hours, math education GPA, and math education hours are 
not listed in the table because fixed effects regression does not provide estimates for 
time-invariant variables. The second part of the analysis incorporates between effects 
models to arrive at conclusions about the direct and marginal effects of the time invariant 
factors.  The positive coefficients on experience and negative coefficients on experience 
squared indicate a non-linear relationship with student achievement. Of the interaction 
terms, overall GPA*experience, math education hours*experience and math education 
GPA*experience tend to have negative coefficients, suggesting a reductive effect as 
teachers gain experience. Math GPA*experience is generally positive across the groups, 
indicating that teachers with more math hours outperform other teachers with each 
additional year of experience.  
The interaction terms and their component variables should not be interpreted 
individually due to the extrapolation to unlikely scenarios. For example, the coefficient 
on experience demonstrates the effect of experience when a teacher’s GPA, math GPA, 
math education GPA, math hours, and math education hours are equal to zero. In this 
sample, the lowest of all GPAs is 1.0 and the minimum number of math and math 
education hours is 3. Joint tests of hypotheses must be conducted to determine if the suite 
of variables containing the interaction term is jointly equal to zero instead of the more 
common case that concludes whether an individual coefficient is equal to zero. Table 2.5 
lists the p-values from the F-tests of joint significance and reveals that teacher 
characteristics are predictive of gains for every student group. Further, all six teacher 
qualifications are significant for the pooled, African American, Subsidized lunch, 
Regular lunch and Above average performing samples.  
An important step after identifying the teacher qualities that affect elementary 
academic gains is to quantify the magnitude of the effect. This is explored by calculating 
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 the change in student math achievement associated with a standard deviation increase in 
the teacher characteristic. The marginal effects for teacher experience are listed in Table 
2.6.3 The magnitude, sign, and statistical significance are similar across the seven groups. 
The effect size of approximately one-tenth of a standard deviation is similar to the size of 
teacher effects reported in the literature, although most studies report a positive 
coefficient for teacher experience. Further analysis shows that, in this sample, the 
positive effect of experience peaks at 14 years and then begins decrease. The largest 
effects of experience are found for students who are Above Average Performing (−0.158) 
and African American (−0.150). This result lends no support to the peer effects 
hypothesis that teacher effects operate most strongly for students who are African 
American, receive Subsidized lunch, and are Below average performing.  
   While fixed effects models are generally acknowledged as a strong estimation 
technique for education production research, the method is not without its shortcomings. 
Specifically, the estimates are confounded by time varying factors that are constant 
across students and they do not provide coefficient estimates for time invariant factors of 
interest. Between effects models remedy these challenges. This strategy provides 
estimates for GPA, math hours, math GPA, math education hours, and math education 
GPA, allowing the calculation of marginal effects of these variables. Additionally, by 
taking simple differences of the coefficients that appear in both the fixed and between 
effects models, it is possible to arrive at estimates that are not confounded by unmeasured 
fixed factors either within or between students.  
Between effects models calculate the mean of each variable for each student 
across time and regress the average achievement on the variable means. The equation is 
as follows:  
Ai. = Ai.t-1 + β1 Stui.  + β2 Tchi.  + β3 Schi.  + ui  
where (.) represents student means.  
 In addition to controlling for unmeasured, time-varying characteristics that are 
constant across students, these models include as many measures of relevant student, 
teacher, and school characteristics as available. This estimation approach tempers some 
                                                 
3 Since GPA, math hours, math GPA, math education hours, and math education GPA drop out of the fixed 
effects estimation, marginal effects cannot be provided for these variables. 
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 of the potential omitted variables bias, though the results should be interpreted with 
caution since it cannot be known whether a comprehensive set of control variables 
capture all of the important confounds affecting elementary teacher qualifications and 
student achievement.  
Estimates of the between effects models are included in Table 2.7. These 
estimates are absolutely smaller than, or equal to, the estimated within effects. Therefore, 
the between coefficients are probably conservative estimates when determining whether 
any single elementary student gains more or less when his or her teachers have varying 
levels of qualifications. The teacher characteristics seldom reach significance in these 
models and most of these occur in the pooled and African American samples. Experience 
is positively signed, although it is only significant for two samples and there is no 
evidence of a non-linear effect. It is difficult to make general conclusions regarding the 
interaction terms because they change in sign and significance across samples. The most 
consistent are GPA*experience and Math Hours*experience, which are negative in all 
three cases for which they are statistically significant. Of the component variables, the 
coefficients on overall GPA are positive, substantively large, and statistically significant 
for the less advantaged student types (African American, Subsidized lunch, and Below 
average performing).  
Marginal effects are calculated for those characteristics that are jointly significant, 
and presented in Table 2.8. Once again, the effect of experience is negative, although it is 
insignificant in both samples. Overall GPA is most often predictive of student 
achievement, and the marginal effect is different from zero in the pooled sample, as well 
as for students who are African American, receive Subsidized lunch, and are Below 
average performing. The marginal effects of math hours and math education hours are 
two to three times larger than those of the other teacher characteristics, but they are found 
in the pooled sample only. This implies that there is low power to detect the effects of 
teacher characteristics on achievement when the data are split in this manner.  
As mentioned above, unmeasured factors confound the estimates in different 
ways in both estimation strategies. The simple difference of the between and within 
effects estimates of experience and the interaction terms provides estimates that are 
presumably free of both types of bias. These differences are listed in Table 2.9. The 
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 coefficients for GPA*experience, math education hours*experience, and math education 
GPA*experience tend to be negative across all student groups, suggesting that the effects 
of the qualifications diminish as elementary teachers gain experience. Teachers with 
lower overall GPAs, higher math education GPAs, and more math education hours 
initially start teaching at a disadvantage, but their students’ test scores catch up to those 
of their peers over time. The most interesting results are those regarding math content 
courses, in which the interaction terms are generally positive. Those elementary teachers 
who took more math content courses, and scored well in them, produce higher student 
math gains initially in their careers. More importantly, this effect increases as they gain 
years of experience, and the student gains of their lower achieving peers do not 
adequately catch up.  
The structure of the Kentucky state testing plan for this time period precludes the 
possibility of conducting this analysis with two consecutive years of math scores. This is 
potentially problematic because students may be naturally inclined in one academic area, 
while struggling in the other. To explore the use of the KCCT Reading score as an 
appropriate prior achievement score, the models are run on a sample of students whose 
performance on the reading and math tests are similar. Students were selected into the 
sample if the difference in their reading and math test scores falls within one standard 
deviation of the mean difference. Despite the smaller sample size, the results of the 
sensitivity analysis are similar to the results found in the full sample. Results of the 
sensitivity analyses are found in Tables 2.10 and 2.11.   
 
Discussion 
Out of all the teacher qualifications, only overall GPA consistently, positively 
impacts students’ math gain across student group and model specification, making it an 
important teacher characteristic to include in models that predict elementary math 
achievement. This is consistent with the theory that teacher motivation, as demonstrated 
by college performance, impacts student test scores. The marginal effect, calculated as a 
standard deviation increase in GPA, ranges from about .034 standard deviations in the 
pooled sample to 0.084 standard deviations for students who are African American. 
While this effect is not overwhelming for any given year, the cumulative effect of a 
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 student being assigned to teachers with higher college GPAs over multiple years could be 
quite substantial. In terms of their students’ academic performance, teachers with higher 
GPAs start out their careers at an advantage over their low-performing peers, but the 
effect is not constant over time. Specifically, college performance and real-world 
teaching experience interact, reducing the gap in their teaching effectiveness.  
The preferred specifications indicate that math education GPA consistently 
predicts math gains across group. There are signals that the marginal effect is larger than 
that found for GPA (0.385 standard deviations), but this should be interpreted with 
caution as the joint test of hypothesis was only significant in the pooled sample and it 
cannot be determined whether the between effects models accounted for all sources of 
bias. The effect of math education GPA is initially negative, but this diminishes over 
time, and students start making positive gains during the teachers’ fifth year in the 
classroom. The five year time period required for math education to have a positive effect 
on elementary math achievement coincides with teachers’ initial five year learning curve. 
One possibility is that teachers spend five years overcoming the negative effect of math 
education and then begin to make positive gains.   
The number of math content hours also impacts math scores, save for students 
who are European American. Again, the marginal effect is large (between 0.108 and 
0.281 standard deviations), but should be viewed cautiously. The interaction between 
experience and the number of math content courses taken is positive and implies that 
elementary teachers who took more math content hours are initially more effective in 
comparison to other teachers and the effectiveness gap grows as they gain experience.  
One of the distinguishing features of this study is the testing of elementary teacher 
characteristics on different student groups. By splitting the students into specific racial, 
income, and academic performance groups, it is possible to see that experience and 
teacher characteristics reliably predict the academic gains of African American students. 
Studies that examine teacher qualifications on pooled samples alone may miss important 
relationships between teacher characteristics and student achievement that exist within 
important student subgroups. The findings from two separate literatures provided the 
motivation to split the full sample into groups based on income, race, and academic 
performance. Studies on peer effects generally conclude that groups of student achieve 
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 differently based on their peers’ characteristics, making it plausible that they will also 
achieve differently according to their teachers’ characteristics. Based on this research, the 
expectation was that lower-performing students, those from minority racial groups, and 
those from lower income families would be most affected by their teachers’ 
characteristics. The second line of research indicates that teacher and school 
characteristics affect students differentially along racial lines.  
The tables indicating joint significance provide the evidence necessary to explore 
these hypotheses. The between effects models provide tenuous support for the peer 
effects hypothesis, but on the whole, both types of models are more consistent with a 
racial effect. The peer effects support is found in Table 2.8 where overall GPA is shown 
to impact the achievement of students who are African American, receive federally 
subsidized lunch, or have below-average prior test scores. However, it is the only teacher 
characteristic exhibiting this pattern.  
On the other hand, both types of models support the hypothesis that African 
American students are affected differently by elementary teacher characteristics than 
European American students. There are no differences when comparing students who 
receive federally subsidized lunch and those who do not, and in the case of prior 
achievement, the fixed effects models show that teacher qualities affect above average 
performing students, but not their below average performing peers. Table 2.5 shows that 
every teacher characteristic affects students who are African American, while only three 
variables affect European American students. Similarly, Table 2.8 indicates that three 
teacher attributes are jointly statistically significant for students who are African 
American, while the rest of the groups are relatively unaffected by these factors. All of 
this evidence indicates that teacher qualifications differentially affect student math 
achievement along racial lines, but not according to family income levels or previous 
achievement.  
  
Policy discussion 
 The findings of this study inform the current policy debate regarding traditional 
and alternative paths to elementary teacher certification. Advocates for the traditional 
pathway argue that education school coursework provides important pedagogical and 
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 classroom management skills that are integral to teaching success, while supporters of 
alternative programs assert that content knowledge is the most important attribute of a 
quality elementary teacher. These data do not allow the direct testing of the pathway 
effects, but they do provide support that both content and pedagogical knowledge are 
important to effective teaching.  
Content knowledge is a key component of both traditional and alternative 
pathways to elementary teaching, and the findings for math content hours justify this 
focus. The marginal effect of this characteristic is slightly smaller than that of math 
education hours, but it is somewhat more robust. More importantly, it has a critical 
relationship with experience. The positive effects of math content hours grow each 
successive year the teacher is in the classroom. All else equal, an elementary teacher who 
took 11 hours of math content will have higher student math gains than a teacher who 
took 10 hours of math content and will have incrementally higher student math gains over 
the years.   
 The number of math education hours has the largest marginal effect of any 
teacher characteristic, although this effect is negative until elementary teachers gain 
between ten and fourteen years of experience. The importance of this finding should not 
be overstated since it is not robust across student group, but it does illustrate the value of 
math education coursework. This provides support for the traditional pathway to 
teaching, in which students graduate from an accredited program, which includes 
coursework in pedagogy, content, student teaching, and passing the appropriate state 
licensure exam. These findings suggest that teacher preparation programs should focus on 
recruiting highly performing college students into the teaching profession since the 
prospective elementary teachers with the highest GPAs in this sample produced the 
largest math gains in their students. 
There is nearly universal agreement that teacher education needs to be improved, 
but there is no consensus on how or why this can be achieved (Cochran-Smith & Fries, 
2005). While this study cannot provide answers to this question, it does suggest that 
maintaining standards for qualified prospective teachers is a suitable approach.    
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Table 2.1 
Descriptive statistics for the pooled sample: Means and standard deviations. 
  
Mean 
Standard 
Deviation 
Student characteristics 
Math z-score  
Reading z-score 
% Female  
% African American 
% European American 
% Asian American 
% Latino/a 
% other race 
% free lunch 
% reduced price lunch 
 
Teacher characteristics 
Math hours 
Math GPA 
Math education hours  
Math education GPA  
Overall GPA 
Years experience 
% Female 
% African American 
% European American 
 
School characteristics 
            % subsidized lunch  
% European American 
% African American 
% Latino/a 
% Asian American 
% Other 
 
 
0.08 
−0.06 
50.80 
32.63 
62.43 
1.63 
1.39 
1.60 
39.94 
8.97 
 
 
11.04 
2.98 
9.86 
3.25 
2.99 
15.94 
85.60 
14.03 
85.28 
 
 
53.45 
60.62 
35.14 
1.10 
1.12 
1.59 
 
1.07 
0.86 
49.98 
46.89 
48.44 
12.65 
11.71 
12.55 
48.51 
27.70 
 
 
6.38 
0.72 
4.63 
0.60 
0.40 
6.69 
35.12 
34.74 
35.43 
 
 
21.56 
12.97 
10.55 
1.40 
1.65 
2.17 
N 3812  
  
Table 2.2 
Across school sorting: Mean group differences  
  
 
Poor 
Schools 
 
Not Poor 
Schools 
 
 
Sig.a
 
High 
Minority 
Schools 
 
Low 
Minority 
Schools 
 
 
Sig. 
 
Below 
Avg. 
performing 
 
Above 
Avg. 
performing 
 
 
Sig. 
 
Experience 
 
Overall GPA 
 
Math Hours 
 
Math GPA 
 
Math Ed Hours 
 
Math Ed GPA 
 
16.197 
 
2.925 
 
15.165 
 
3.054 
 
10.608 
 
3.364 
 
17.827 
 
2.970 
 
13.071 
 
3.071 
 
10.343 
 
3.309 
 
*** 
 
*** 
 
*** 
 
** 
 
*** 
 
*** 
 
16.255 
 
2.922 
 
16.235 
 
3.048 
 
10.682 
 
3.400 
 
18.212 
 
2.976 
 
10.928 
 
3.083 
 
10.201 
 
3.239 
 
** 
 
*** 
 
*** 
 
*** 
 
* 
 
*** 
 
16.716 
 
2.941 
 
15.043 
 
3.085 
 
10.600 
 
3.365 
 
18.188 
 
2.934 
 
10.563 
 
2.885 
 
9.928 
 
3.205 
 
*** 
 
 
 
*** 
 
*** 
 
*** 
 
*** 
20
 
Note: ***p<0.01; **p<0.05; *p<0.10
 
 
  
Table 2.3 
Within school sorting: Mean differences in teacher specific averages and school average in which the teachers work.  
  
% Minority Students 
 
% Students on Subsidized Lunch 
 
Lagged Test Score 
  
Teacher-
Specific 
Avg. 
 
Teachers’ 
School 
Avg. 
 
 
Sig.a
 
Teacher-
Specific 
Avg. 
 
Teachers’ 
School 
Avg. 
 
 
Sig. 
 
Teacher-
Specific 
Avg.. 
 
Teachers’ 
School 
Avg. 
 
 
Sig. 
 
Experience < 6 Yrs 
 
Overall GPA < 2.697 
 
Math Hours < 6 
 
Math GPA < 2.667 
 
Math Ed Hours < 9 
 
Math Ed GPA < 3.0 
 
 
27.83 
 
41.75 
 
39.49 
 
41.07 
 
40.23 
 
38.75 
 
31.07 
 
38.55 
 
37.60 
 
39.35 
 
38.27 
 
37.43 
 
*** 
 
*** 
 
*** 
 
*** 
 
*** 
 
*** 
 
29.90 
 
58.25 
 
55.10 
 
57.43 
 
55.12 
 
57.15 
 
41.78 
 
54.06 
 
54.44 
 
55.10 
 
52.69 
 
55.03 
 
*** 
 
*** 
 
** 
 
*** 
 
*** 
 
*** 
 
−0.429 
 
−0.047 
 
0.056 
 
−0.036 
 
−0.019 
 
−0.037 
 
0.403 
 
−0.012 
 
0.017 
 
−0.009 
 
0.008 
 
−0.015 
 
*** 
 
** 
 
*** 
 
* 
 
* 
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Note: ***p<0.01; **p<0.05; *p<0.10 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Table 2.4 
Fixed effects estimates of the effects of teacher characteristics on student math gains, by student group. 
  
 
Pooled 
 
African 
American 
 
European 
American 
 
Subsidized 
lunch 
 
Regular  
lunch 
Below 
average 
performing 
Above 
average 
performing 
Teacher characteristics 
 
    GPA*exp 
 
 
    Math hours*exp 
 
 
    Math GPA*exp 
 
 
    Math ed hours*exp 
 
 
    Math ed GPA*exp 
 
 
    Experience  
 
 
    Experience squared  
 
School composition  
(% students) 
 
    European American  
      
 
    African American 
  
 
 
 
−0.045 
(0.074) 
 
−0.002 
(0.005) 
 
0.099** 
(0.043) 
 
−0.018*** 
(0.005) 
 
−0.059 
(0.055) 
 
0.733*** 
(0.277) 
 
−0.005*** 
(0.002) 
 
 
 
0.023 
(0.026) 
 
0.032 
(0.031) 
 
 
 
−0.133  
(0.096)   
 
−0.021***   
(0.008)  
   
0.038 
(0.060) 
 
−0.002 
(0.009) 
 
−0.007   
(0.102)  
 
1.096***    
(0.370) 
 
−0.008 
(0.002) 
 
 
 
0.038    
(0.039) 
 
0.045    
(0.045) 
 
 
 
−0.002    
(0.127) 
 
0.007    
(0.007) 
 
0.123* 
(0.066) 
 
−0.025*** 
(0.007) 
 
−0.056    
(0.066) 
 
0.545    
(0.364) 
 
−0.004* 
(0.002) 
 
 
 
0.003 
(0.037) 
 
0.006 
(0.044) 
 
 
 
−0.028 
(0.084) 
 
0.000 
(0.006) 
 
−0.039 
(0.053) 
 
−0.012 
(0.008) 
 
0.038 
(0.093) 
 
0.676** 
(0.278) 
 
−0.006** 
(0.002) 
 
 
 
0.063* 
(0.034) 
 
0.068* 
(0.039) 
 
 
 
−0.126 
(0.114) 
 
0.002 
(0.008) 
 
0.271*** 
(0.075) 
 
−0.023*** 
(0.008) 
 
−0.163*** 
(0.059) 
 
0.851*** 
(0.329) 
 
−0.005* 
(0.003) 
 
 
 
−0.035 
(0.038) 
 
−0.018 
(0.042) 
 
 
 
−0.174** 
(0.078) 
 
−0.028*** 
(0.007) 
 
−0.044 
(0.045) 
 
0.000 
(0.012) 
 
0.200*** 
(0.075) 
 
0.550* 
(0.317) 
 
−0.004 
(0.003) 
 
 
 
0.003 
(0.026) 
 
−0.012 
(0.029) 
 
 
 
−0.040 
(0.101) 
 
0.003 
(0.005) 
 
0.130** 
(0.069) 
 
−0.017*** 
(0.006) 
 
−0.132** 
(0.063) 
 
0.923*** 
(0.286) 
 
−0.007*** 
(0.002) 
 
 
 
0.014 
(0.032) 
 
0.028 
(0.038) 
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 Table 2.4 (continued)      
 
      Latino/a  
 
 
     Asian American 
 
 
    Other   
 
 
N 
 
 
−0.043*** 
(0.014) 
 
0.013 
(0.010) 
 
−0.033 
(0.030) 
 
2477 
 
 
−0.028   
(0.021) 
 
0.006 
(0.020) 
 
−0.018 
(0.052) 
 
754 
 
 
−0.026 
(0.022) 
 
0.023 
(0.021) 
 
0.021 
(0.045) 
 
1522 
 
 
 
−0.035 
(0.023) 
 
0.011 
(0.010) 
 
−0.059* 
(0.034) 
 
1075 
 
 
 
−0.037* 
(0.020) 
 
−0.000 
(0.028) 
 
−0.011 
(0.046) 
 
1237 
 
 
−0.015 
(0.028) 
 
−0.030** 
(0.015) 
 
−0.153 
(0.052) 
 
662 
 
 
−0.050*** 
(0.015) 
 
0.025* 
(0.013) 
 
−0.022 
(0.034) 
 
1815 
Note: ***p<0.01; **p<0.05; *p<0.10 
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Table 2.5 
P-values of F-tests of joint significance for fixed effects models, by student group. 
  
Pooled 
African 
American 
European 
American 
Subsidized 
lunch 
Regular  
lunch 
Below avg. 
performing 
Above avg. 
performing 
 
    Experience1  
      
    Overall GPA2
 
    Math hours3
 
    Math GPA4
 
    Math ed hours5
 
    Math ed GPA6
 
N 
 
<0.001 
 
<0.001 
 
0.002 
 
0.001 
 
0.003 
 
0.001 
 
2477 
 
<0.001 
 
0.003 
 
0.005 
 
0.006 
 
0.005 
 
0.001 
 
754 
 
0.027 
 
0.046 
 
0.132 
 
0.095 
 
0.166 
 
0.166 
 
1522 
 
 
0.002 
 
0.009 
 
0.018 
 
0.035 
 
0.022 
 
0.004 
 
1075 
 
 
0.001 
 
0.007 
 
0.011 
 
0.002 
 
0.016 
 
0.028 
 
1237 
 
0.032 
 
0.167 
 
0.100 
 
0.119 
 
0.096 
 
0.011 
 
662 
 
<0.001 
 
<0.001 
 
0.002 
 
0.002 
 
0.003 
 
0.003 
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1815 
1 H0:β2GPA*Experience+β3MathHours*Experience+β4MathGPA*Experience+ 
        β5MathEdHours*Experience+β6MathEdGPA*Experience+β7Experience+β13ExperienceSquared=0 
2 H0: β2GPA*Experience+β7Experience+β13ExperienceSquared=0 
3 H0: β3MathHours*Experience+β7Experience+β13ExperienceSquared=0 
4 H0: β4EMathGPA*Experience+β7Experience+β13ExperienceSquared=0 
5 H0: β5MathEdHours*Experience+β7Experience+β13ExperienceSquared=0 
6 H0: β6MathEdGPA*Experience+β7Experience+β13ExperienceSquared=0 
 
 
 
 
  
Table 2.6 
Marginal effect of a standard deviation increase in experience on student gains. Estimates from fixed effects models, by student group. 
  
Pooled 
African 
American 
European 
American 
Subsidized 
lunch 
Regular  
lunch 
Below avg. 
performing 
Above avg. 
performing 
 
 Experience  
 
N 
 
−0.116*** 
 
2477 
 
−0.150** 
 
754 
 
−0.117*** 
 
1522 
 
 
−0.110*** 
 
1075 
 
 
−0.119*** 
 
1237 
 
−0.100*** 
 
662 
 
−0.158*** 
 
1815 
Note: ***p<0.01; **p<0.05; *p<0.10 
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 Table 2.7 
Between effects estimates of the effects of teacher characteristics on student math gains, by student group*. 
  
 
Pooled 
 
African 
American 
 
European 
American 
 
Subsidized 
lunch 
 
Regular  
lunch 
Below 
average 
performing 
Above 
average 
performing 
Teacher characteristics 
 
    GPA*exp 
 
     
    Math hours*exp 
 
     
    Math GPA*exp 
 
 
    Math ed hours*exp 
 
 
    Math ed GPA*exp 
 
 
    Experience  
 
 
    Experience squared 
      
 
    Overall GPA 
 
 
    Math hours 
 
 
    Math GPA 
 
 
 
 
−0.044*** 
(0.011) 
 
−0.002*** 
(0.001) 
 
0.006 
(0.007) 
 
0.002** 
(0.001) 
 
0.009 
(0.008) 
 
0.116*** 
(0.036) 
 
−0.000 
(0.001) 
 
1.176*** 
(0.183) 
 
0.036*** 
(0.009) 
 
−0.061 
(0.109) 
 
 
 
−0.060*** 
(0.018) 
 
0.001 
(0.001) 
 
0.025** 
(0.010) 
 
−0.000 
(0.001) 
 
−0.001 
(0.013) 
 
0.122** 
(0.054) 
 
−0.000 
(0.001) 
 
1.311*** 
(0.314) 
 
−0.019 
(0.019) 
 
−0.349** 
(0.162) 
 
 
 
−0.002 
(0.015) 
 
−0.002** 
(0.001) 
 
−0.001 
(0.009) 
 
0.000 
(0.001) 
 
0.009 
(0.010) 
 
0.002 
(0.046) 
 
−0.000 
(0.001) 
 
0.257 
(0.253) 
 
0.044*** 
(0.016) 
 
−0.071 
(0.150) 
 
 
 
−0.031** 
(0.016) 
 
0.000 
(0.001) 
 
0.022** 
(0.009) 
 
0.001 
(0.001) 
 
−0.008 
(0.011) 
 
0.068 
(0.049) 
 
−0.000 
(0.001) 
 
0.766*** 
(0.257) 
 
0.012 
(0.015) 
 
−0.341** 
(0.140) 
 
 
 
−0.014 
(0.018) 
 
−0.005*** 
(0.002) 
 
−0.015 
(0.012) 
 
0.001 
(0.001) 
 
0.019 
(0.014) 
 
0.073 
(0.060) 
 
−0.000 
(0.001) 
 
0.592* 
(0.334) 
 
0.070*** 
(0.024) 
 
0.202 
(0.229) 
 
 
 
−0.027 
(0.018) 
 
0.002 
(0.001) 
 
0.001 
(0.011) 
 
0.002 
(0.001) 
 
−0.016 
(0.012) 
 
0.091 
(0.056) 
 
0.000 
(0.001) 
 
0.570** 
(0.290) 
 
−0.017 
(0.020) 
 
−0.112 
(0.168) 
 
 
 
0.003 
(0.012) 
 
−0.001 
(0.001) 
 
−0.002 
(0.007) 
 
−0.000 
(0.001) 
 
0.003 
(0.009) 
 
0.029 
(0.038) 
 
−0.001 
(0.001) 
 
0.117 
(0.213) 
 
0.019 
(0.012) 
 
0.067 
(0.118) 
 
26
 
 
 Table 2.7 (continued)      
 
     Math ed hours 
 
 
      Math ed GPA 
 
 
 
N 
 
 
 
−0.048*** 
(0.015) 
 
−0.147 
(0.141) 
 
 
1988 
 
 
0.012 
(0.026) 
 
0.037 
(0.225) 
 
 
566 
 
 
−0.018 
(0.018) 
 
−0.067 
(0.198) 
 
 
1151 
 
 
−0.029 
(0.022) 
 
0.106 
(0.184) 
 
 
794 
 
 
−0.019 
(0.021) 
 
−0.168 
(0.283) 
 
 
914 
 
 
−0.025 
(0.025) 
 
0.159 
(0.197) 
 
 
510 
 
 
−0.009 
(0.015) 
 
0.078 
(0.167) 
 
 
1299 
*Models include controls for previous student performance, student and teacher demographics, and school composition. 
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 Table 2.8 
Marginal effect of a standard deviation increase in teacher characteristics on math gains. Estimates from between effects models, by student 
group. 
  
 
Pooled 
 
African 
American 
 
European 
American 
 
Subsidized 
lunch 
 
Regular 
lunch 
 
Below average 
performing 
Above 
average 
performing 
 
    Experience  
      
    Overall GPA 
 
    Math hours 
 
    Math GPA 
 
    Math ed hours 
 
    Math ed GPA 
 
 
N 
 
−0.008 
 
0.034*** 
 
0.281*** 
 
--- 
 
0.385*** 
 
--- 
 
 
1988 
 
−0.011 
 
0.084*** 
 
0.108*** 
 
--- 
 
0.009 
 
--- 
 
 
566 
 
--- 
 
--- 
 
--- 
 
--- 
 
--- 
 
--- 
 
 
1151 
 
--- 
 
0.061*** 
 
--- 
 
0.107*** 
 
--- 
 
--- 
 
 
794 
 
--- 
 
0.000 
 
−0.002 
 
--- 
 
--- 
 
--- 
 
 
914 
 
--- 
 
0.054** 
 
--- 
 
--- 
 
--- 
 
--- 
 
 
510 
 
--- 
 
--- 
 
--- 
 
--- 
 
--- 
 
--- 
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1299 
Note: ***p<.01; **p<.05; *p<.10 
--- Marginal effect not displayed because effect is not jointly statistically significant. 
  
 Table 2.9 
Unbiased estimates of the effects of teacher quality variables. 
  
Pooled 
African 
American 
European 
American 
Subsidized 
lunch 
Regular 
lunch 
Below avg. 
performing 
Above avg. 
performing 
 
Experience 
 
GPA*experience 
 
Math hours*experience  
 
Math GPA*experience  
 
Math ed hours*experience 
 
Math ed GPA*experience 
 
0.617*** 
(0.006) 
−0.001 
(0.002) 
0.000 
(0.000) 
0.093*** 
(0.001) 
−0.020*** 
(0.000) 
−0.068*** 
(0.000) 
 
 
0.974*** 
(0.016) 
−0.073*** 
(0.004) 
−0.022*** 
(0.000) 
0.013*** 
(0.003) 
−0.002*** 
(0.000) 
−0.006 
(0.004) 
 
0.543*** 
(0.011) 
0.000 
(0.004) 
0.009*** 
(0.000) 
0.124*** 
(0.002) 
−0.025*** 
(0.000) 
−0.065*** 
(0.002) 
 
0.608*** 
(0.010) 
0.003 
(0.003) 
0.000 
(0.000) 
−0.061*** 
(0.002) 
−0.013*** 
(0.000) 
0.046*** 
(0.003) 
 
0.778*** 
(0.011) 
−0.112*** 
(0.004) 
0.007*** 
(0.002) 
0.286*** 
(0.003) 
−0.024*** 
(0.000) 
−0.182*** 
(0.002) 
 
0.459*** 
(0.014) 
−0.147*** 
(0.004) 
−0.030*** 
(0.000) 
−0.045*** 
(0.002) 
−0.002*** 
(0.001) 
0.216*** 
(0.003) 
 
0.894*** 
(0.008) 
−0.043*** 
(0.003) 
0.004*** 
(0.000) 
0.132*** 
(0.002) 
−0.017*** 
(0.000) 
−0.135*** 
(0.002) 
Note: ***p<0.01; **p<0.05; *p<0.10 
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 Table 2.10 
Fixed effects estimates of the effects of teacher characteristics on student math gains, sensitivity subsamples. 
  
 
Pooled 
 
African 
American 
 
European 
American 
 
Subsidized 
lunch 
 
Regular  
lunch 
Below 
average 
performing 
Above 
average 
performing 
Teacher characteristics 
 
    GPA*exp 
 
 
    Math hours*exp 
 
 
    Math GPA*exp 
 
 
    Math ed hours*exp 
 
 
    Math ed GPA*exp 
 
 
    Experience  
 
 
    Experience squared  
 
School composition  
(% students) 
 
    European American  
      
 
    African American 
  
 
     
 
 
−0.056 
(0.057) 
 
0.009 
(0.005) 
 
0.164*** 
(0.041) 
 
−0.026*** 
(0.006) 
 
−0.191 
(0.168) 
 
1.163*** 
(0.213) 
 
−0.006*** 
(0.002) 
 
 
 
0.006 
(0.023) 
 
0.017 
(0.025) 
 
 
 
 
−0.094  
(0.082)   
 
−0.020**   
(0.009)  
   
0.129 
(0.159) 
 
−0.017* 
(0.009) 
 
−0.113   
(0.106)  
 
1.017***    
(0.378) 
 
−0.006** 
(0.002) 
 
 
 
0.021    
(0.031) 
 
0.034    
(0.036) 
 
 
 
 
−0.002    
(0.070) 
 
0.013    
(0.009) 
 
0.120** 
(0.050) 
 
−0.029*** 
(0.007) 
 
−0.156    
(0.102) 
 
0.560    
(0.370) 
 
−0.007 
(0.005) 
 
 
 
−0.026 
(0.024) 
 
−0.018 
(0.027) 
 
 
 
 
−0.111 
(0.072) 
 
0.011 
(0.015) 
 
−0.113 
(0.146) 
 
−0.012 
(0.008) 
 
−0.108 
(0.077) 
 
1.013*** 
(0.281) 
 
−0.008*** 
(0.003) 
 
 
 
0.016 
(0.029) 
 
0.019 
(0.032) 
 
 
 
 
0.054 
(0.099) 
 
0.001 
(0.007) 
 
0.142 
(0.087) 
 
−0.031*** 
(0.008) 
 
−0.195** 
(0.091) 
 
1.221*** 
(0.319) 
 
−0.009*** 
(0.003) 
 
 
 
0.036 
(0.030) 
 
0.046 
(0.033) 
 
 
 
 
−0.023* 
(0.012) 
 
−0.016* 
(0.009) 
 
−0.024 
(0.060) 
 
0.014 
(0.015) 
 
0.144*** 
(0.052) 
 
0.191 
(0.391) 
 
−0.005 
(0.005) 
 
 
 
−0.010 
(0.035) 
 
−0.016 
(0.037) 
 
 
 
 
−0.134 
(0.085) 
 
0.007 
(0.005) 
 
0.127** 
(0.057) 
 
−0.029*** 
(0.007) 
 
−0.123 
(0.090) 
 
1.657*** 
(0.270) 
 
−0.011*** 
(0.002) 
 
 
 
−0.0002 
(0.0254) 
 
0.004 
(0.026) 
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 Table 2.10 (continued) 
 
     Latino/a  
 
     
     Asian American 
 
 
    Other   
 
 
N 
 
 
−0.027** 
(0.011) 
 
0.014 
(0.010) 
 
−0.016 
(0.026) 
 
1840 
 
 
−0.018   
(0.023) 
 
0.029 
(0.039) 
 
−0.001 
(0.012) 
 
567 
 
 
−0.023 
(0.014) 
 
0.016 
(0.012) 
 
−0.017 
(0.036) 
 
1102 
 
 
 
−0.013 
(0.018) 
 
0.006 
(0.007) 
 
−0.042 
(0.033) 
 
779 
 
 
 
−0.028 
(0.017) 
 
0.026 
(0.016) 
 
0.027 
(0.036) 
 
907 
 
 
−0.012 
(0.029) 
 
−0.010 
(0.017) 
 
−0.017 
(0.062) 
 
478 
 
 
−0.043*** 
(0.013) 
 
0.008 
(0.006) 
 
−0.009 
(0.027) 
 
1346 
Note: ***p<0.01; **p<0.05; *p<0.10 
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Table 2.11 
Between effects estimates of the effects of teacher characteristics on student math gains, sensitivity subsamples *. 
  
 
Pooled 
 
African 
American 
 
European 
American 
 
Subsidized 
lunch 
 
Regular  
lunch 
Below 
average 
performing 
Above 
average 
performing 
Teacher characteristics 
 
    GPA*exp 
 
     
    Math hours*exp 
 
     
    Math GPA*exp 
 
 
    Math ed hours*exp 
 
 
    Math ed GPA*exp 
 
 
    Experience  
 
 
    Experience squared 
      
 
    Overall GPA 
 
 
    Math hours 
 
 
    Math GPA 
 
 
 
 
−0.012* 
(0.007) 
 
−0.004* 
(0.003) 
 
0.001 
(0.004) 
 
0.0004 
(0.0005) 
 
0.003 
(0.004) 
 
0.114*** 
(0.034) 
 
0.0004 
(0.0003) 
 
0.397*** 
(0.116) 
 
0.010* 
(0.006) 
 
0.012 
(0.071) 
 
 
 
−0.030*** 
(0.011) 
 
−0.0004 
(0.0005) 
 
0.017*** 
(0.006) 
 
0.0006 
(0.0007) 
 
0.005 
(0.008) 
 
0.058* 
(0.034) 
 
−0.0003 
(0.0004) 
 
0.676*** 
(0.185) 
 
−0.009 
(0.009) 
 
−0.348*** 
(0.117) 
 
 
 
0.002 
(0.009) 
 
−0.0002 
(0.0005) 
 
−0.003 
(0.006) 
 
0.0002 
(0.0006) 
 
0.002 
(0.006) 
 
0.008 
(0.029) 
 
−0.0003 
(0.0004) 
 
0.195 
(0.153) 
 
0.006 
(0.008) 
 
−0.028 
(0.097) 
 
 
 
−0.021** 
(0.010) 
 
−0.0003 
(0.0005) 
 
0.013** 
(0.007) 
 
0.0006 
(0.0007) 
 
0.007 
(0.007) 
 
0.024 
(0.030) 
 
−0.0003 
(0.0005) 
 
0.582*** 
(0.159) 
 
0.007 
(0.009) 
 
−0.016 
(0.096) 
 
 
 
0.006 
(0.010) 
 
−0.0003 
(0.0007) 
 
−0.002 
(0.007) 
 
0.001 
(0.001) 
 
0.0001 
(0.0082) 
 
0.031 
(0.036) 
 
−0.0004 
(0.0005) 
 
0.056 
(0.184) 
 
0.006 
(0.010) 
 
0.030 
(0.138) 
 
 
 
−0.016 
(0.011) 
 
−0.0002 
(0.0006) 
 
−0.002 
(0.007) 
 
0.0002 
(0.0001) 
 
0.006 
(0.008) 
 
0.026 
(0.033) 
 
0.0003 
(0.0005) 
 
0.358** 
(0.172) 
 
0.006 
(0.009) 
 
0.074 
(0.119) 
 
 
 
−0.010 
(0.007) 
 
−0.0004 
(0.0004) 
 
−0.002 
(0.005) 
 
0.0014 
(0.0005) 
 
0.001 
(0.005) 
 
0.036 
(0.025) 
 
−0.0001 
(0.0003) 
 
0.312** 
(0.131) 
 
0.008 
(0.006) 
 
0.058 
(0.078) 
 
32
   
Table 2.11 (continued)    
 
      Math ed hours 
 
 
     Math ed GPA 
 
 
N 
 
 
 
−0.017* 
(0.009) 
 
−0.039 
(0.091) 
 
1480 
 
 
−0.006 
(0.016) 
 
0.093 
(0.142) 
 
502 
 
 
−0.023 
(0.015) 
 
−0.012 
(0.122) 
 
903 
 
 
−0.007 
(0.014) 
 
−0.179 
(0.119) 
 
712 
 
 
−0.038 
(0.031) 
 
−0.079 
(0.166) 
 
750 
 
 
0.001 
(0.016) 
 
−0.160 
(0.136) 
 
429 
 
 
−0.033 
(0.120) 
 
0.043 
(0.103) 
 
1031 
*Models include controls for previous student performance, student and teacher demographics, and school composition. 
 
33
 Chapter 3 
Learning to Teach: The Effect of Teacher Preparation on Student Achievement 
 
 Current federal legislation reflects teachers’ critical role as the most important 
institutional factor in the student learning process. The No Child Left Behind Act 
mandates the placement of a highly qualified teacher in every classroom, while Title II of 
the Higher Education Act (HEA) requires that states hold institutions of higher education 
publicly accountable for the quality of the teachers they produce. Under Title II, each 
state must report annually on licensure requirements, pass rates on certification 
assessments, state performance evaluations of teacher preparation programs, and the 
number of teachers in the classroom on waivers.  
In response to these major pieces of legislation, states began looking closely at the 
quality of their teacher preparation programs. The Ohio Teacher Quality Partnership and 
the Massachusetts Coalition for Teacher Quality and Student Achievement are statewide 
collaborations that are undertaking comprehensive efforts to create datasets and projects 
that will evaluate the relationship between teacher preparation and student achievement. 
The Louisiana Board of Regents is funding pilot efforts to determine whether Louisiana’s 
existing student achievement, teacher, and curriculum databases can be used to assess 
teacher preparation programs in the state (Noell, 2006). The collaborations are still in 
developmental stages, but researchers in Louisiana have produced studies that look at the 
differential effectiveness of teacher preparation programs, in terms of student 
achievement gains (Noell, 2006).  
Existing state administrative data is used in this paper to test three hypotheses 
regarding the effects of math teachers’ preparation program on student achievement. The 
study attempts to address whether teacher preparation programs are differentially 
successful in training teachers, whether these effects persist over time, and whether the 
effects impact African American and European American students in the same manner.  
Similar to the Louisiana studies, this project explicitly models the effect of individual 
pre-service teacher preparation programs. This is in contrast to prior work which groups 
programs into quality categories (Clotfelter, Ladd, and Vigdor, 2006, 2007; Summers and 
Wolfe, 1977; Ehrenberg and Brewer, 1994; Murnane and Phillips, 1981) or types of 
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 programs (Andrew and Schwab, 1995; Andrew, 1990; Good, McCaslin, Tsang, Zhang, 
Wiley, Rabidou, Bozak, and Hester, 2006; Wenglinsky, 2000; Rebeck, 2004). Beyond 
this, there are several factors that distinguish this study from Noell’s work. First, the 
analysis incorporates a statistical strategy that both accounts for the nested nature of the 
data and appropriately mitigates known sources of bias in this type of research. Second, 
the current study includes all teachers, rather than limit the sample to teachers with three 
years of experience or less. Finally, students may not be affected equally by their 
teachers’ preparation program, so the model is run separately on African American and 
European American students.  
 
Literature Review 
The college environment provides students a setting in which the opportunities to 
change and develop intellectually are substantial. Most colleges familiarize students with 
diverse sources of knowledge, facilitate training in logic and critical thinking, and present 
alternative ideas and courses of action (Floden and Meniketti, 2005). In their review of 
over 3,000 studies that look at the effect of college on student outcomes, Pascarella and 
Terenzini (1991) find that college students gain knowledge over their course of study and 
the gains are larger in their focal areas. They find little evidence that students’ cognitive 
skills are increased by the college experience. Rather, college effects lead to 
improvement in students’ communication, ability to analyze and think critically, and 
ability to judge and respond appropriately to external events (Pascarella and Terenzini, 
1991).   
 Post-secondary institutions are diverse in terms of size, selectivity, and affiliation. 
Programs employ different pedagogical methods and foci that they deem best facilitate 
their students’ gains. These vast differences across colleges and universities lead to the 
reasonable assumption that colleges have differential effects in terms of student learning. 
In the context of teachers’ pre-service training, these points indicate that teacher 
preparation programs help future teachers to gain knowledge regarding classroom 
techniques and pedagogy, as well as develop critical skills needed to deliver their 
specialized knowledge. However, there is no evidence to indicate that all teacher 
preparation programs are created equal. Rather, the one study that directly measures the 
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 efficacy of teacher preparation programs detected differences in teacher effectiveness for 
new teachers across university preparation programs (Noell, 2006).  
 While the link between individual teacher preparation programs and student 
outcomes has not been studied in-depth, there have been research efforts that seek to 
determine whether students learn more from teachers who graduate from highly-rated 
institutions. These studies use Barron’s or Gourman’s ratings of colleges to serve as an 
indicator for the quality of training the teachers receive. Generally, the results of these 
studies find little or no relationship between quality of training and student achievement 
(Clotfelter et al., 2006, 2007; Ehrenberg and Brewer, 1994; Murnane and Phillips, 1981), 
although one study determined that college quality is a predictor of student achievement 
(Summers and Wolfe, 1977). Clotfelter and colleagues (2006, 2007) provide the most 
recent effort and their methodological designs are strong. Using a student-teacher 
matched dataset from the state of North Carolina, they demonstrate the lack of 
relationship when analyzing only those schools in which students and teachers appear to 
be randomly assigned (2006) and when employing models that incorporate student fixed 
effects (2007). Summers and Wolfe (1977) also use a student fixed effects design, 
although their gain score model is less robust than that used in the North Carolina studies 
because the test was not uniform from year to year.  
 Geographic location, methodological nuances, and differences in time period can 
all account for the disparate findings on college ratings, yet this measure may be 
problematic on theoretical grounds. A rating that represents the quality of an entire 
undergraduate institution may have very little relevance to the quality of one program at 
that institution. It is quite feasible that high quality teacher preparation programs exist at 
low-rated undergraduate institutions, and vice versa. This aggregate measure masks 
important variation among teacher education programs, which could result in an apparent 
lack of relationship.    
 The bulk of the research on teacher preparation focuses on the implications 
different pathways to teaching have for student achievement. These studies look at 
whether teachers who have been trained in undergraduate teacher education programs are 
more effective than teachers who received training outside of a traditional teacher 
education curriculum. Teach for America is a highly salient example of an alternative 
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 pathway into teaching, although it should be noted that many states have a form of 
provisional, temporary, or emergency entry into the teaching workforce.  
 The results of these studies tend to support the traditional university pathway into 
teaching. Student gains are generally larger (Clotfelter et al., 2007; Goldhaber and 
Brewer, 2000; Laczko-Kerr, 2002; Hawk, Coble, and Swanson, 1985), graduates of these 
programs feel more prepared (Darling-Hammond Chung, and Frelow, 2002; Jelmberg, 
1996), and they have higher classroom performance than their alternatively-certified 
counterparts (Good et al., 2006; Houston, Marshall, and McDavid, 2003; Hawk and 
Schmidt, 1989). This result, while strong, should be viewed with some caution. Three 
recent, high-quality studies find mixed evidence regarding the effects of certification on 
student achievement (Betts, Zau, and Rice, 2003; Boyd, Grossman, Lankford, Loeb, and 
Wyckoff, 2005; Darling-Hammond, Holtzman, Gatlin, and Heilig, 2005). They find that 
the effect of pathway varies according to teacher experience and the subject matter 
taught. There are at least two reasons why this occurs. First, as Boyd et al. (2005) note, 
variation in effectiveness is often greater within each pathway than between pathways. 
Second, Darling-Hammond, Berry, and Thoreson (2001) note that many researchers do 
not make an important distinction among fully certified teachers. Specifically, prior to No 
Child Left Behind, it was possible for teachers to teach outside of their subject of 
expertise.  
Far less attention in the literature is paid to the variation within the traditional 
pathway to teaching. Teacher training programs often include both 4-year and 5-year 
options. Five-year programs are characterized by stricter entry requirements, fewer 
education pedagogy courses, and longer student-teaching internships. While no study 
assesses whether these variants of traditional pathway differentially affect student 
achievement, there are indications that graduates from the two types of programs have 
differential rates of success in the schools. Andrew (1990) finds that perceptions of 
training quality were higher among graduates of 5-year teacher programs than those of 4-
year programs, while Andrew and Schwab (1995) report that graduates of extended 
programs have higher rates of leadership involvement.     
 The current paper begins to address an important gap in the literature. Rather than 
use aggregate proxies of program quality, the analysis directly assesses whether 
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 individual teacher education programs impact student achievement. The hypothesis is 
that teacher preparation programs are differentially successful in training pre-service 
teachers, but the effect is expected to decrease over time. New teachers draw heavily on 
their college instruction to manage their classroom, while more experienced teachers 
draw from their own experiences in the classroom, as well as from collaboration with 
other in-service teachers at the school. Researchers generally agree that college effects 
are the largest during the first two years of teaching, at which point school effects begin 
to dominate (Noell and Burns, 2006). The paper also seeks to determine whether the 
teacher preparation programs similarly impact the learning gains African American and 
European American students, given evidence that students of different racial backgrounds 
respond differently to teacher characteristics.   
  
Data, Measures, and Methods 
This paper uses a unique and rich data set from an anonymous school district in 
Kentucky that matches teacher and school characteristics to individual 5th grade math 
students for the 2001-2003 school years.  They were compiled with the cooperation of the 
Kentucky Education Professional Standards Board (EPSB), which is the agency 
responsible for establishing certification procedures and policies for all public school 
teachers in Kentucky.  As such, the agency compiles data on all teachers in the 
Commonwealth including university of attendance, salaries, experience, certification, and 
college transcripts.  
This is a promising data source. Student-teacher matched data are still relatively 
scarce and difficult to access, even though this data structure is necessary in order to 
address questions of teacher quality in terms of student achievement. Most prior studies 
in this area have been forced to use data aggregated to the classroom level, which 
necessarily masks important sources of student and teacher heterogeneity. Additionally, 
the dataset provides richer information on the teachers’ pre-service educational 
experience than has been employed in prior research.      
The outcome measure is the individual change in achievement on the Kentucky 
Core Content Test (KCCT). The measure incorporates the standardized 4th grade reading 
and 5th grade math test scores from the Kentucky state testing program. The state does 
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 not test the same subject in subsequent years, therefore, the change score must be 
calculated by differencing the reading and math scores4. The KCCT is a criterion-
referenced test that assesses individual student performance against a specified set of 
state educational goals and consists of both multiple-choice and open-response questions. 
The test scores are converted to grade-by-year Z-scores with a state mean of zero and 
standard deviation of one. The math achievement mean of students with complete teacher 
information is 0.078 with a standard deviation of 1.073, suggesting that this sample of 
students performs slightly higher than other 5th grade math students in the state. A test of 
the hypothesis that the mean is zero results in t=4.344, p<0.0001, thus the sample mean 
math achievement test score is statistically significantly different from zero.    
A series of indicator variables represent teachers’ preparation program. Most 
teachers are observed in two out of the three years5 and all teachers are matched with 
multiple students, which provides ample observations from which to estimate preparation 
program effects. One hundred three teachers in the sample graduated from 32 
undergraduate institutions. Twenty six preparation programs had either fewer than 30 
teacher-year observations or two or fewer teacher graduates. Attempts to estimate 
program effects with these small numbers would likely result in imprecise estimates, so 
these 26 programs are grouped into a category entitled “Other Teacher Preparation 
Program (TPP).”  The remaining six indicator variables are labeled TPP A – TPP F. 
Table 3.1 lists summary statistics for the college variables. Most teachers attended TPP 
F, which is used as the comparison group in the analyses. To control for the differential 
admission criteria employed at each college, the models include the mean ACT score of 
students accepted into the education program at each college.  
Demographic information on the students, including gender and race, is included 
in the dataset. Dichotomous variables indicate whether the student is female, African 
American, Latino/a, Asian American, or Other. Male and European American students 
provide the reference categories. Students also report on subsidized lunch status, allowing 
the creation of three variables that indicate whether a student receives federally 
                                                 
4 The use of a reading test score as a measure of prior achievement for a math outcome is fairly 
unconventional. However, Eberts & Hollenbeck (2001) look at the properties of different subject area tests 
and determine that this is a feasible option in value-added models, such as those employed in this paper.  
5 There are fewer complete observations for the 2003 school year.  
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 subsidized lunch, partially subsidized lunch, or does not qualify for subsidized lunch. 
Table 3.1 provides means and standard deviations for the student characteristics. The 
table indicates a racially diverse district with 60.99 percent European American students 
and 32.65 percent African American students.  Asian American and Latino/a students 
constitute only one percent each but these are both growing segments of the population in 
this district.  Female students make up 50.78 percent of the population, 40.68 percent 
receive subsidized lunch, and 7.62 percent receive reduced priced lunch.  
Several teacher covariates are also included in the models. Indicator variables 
designate teachers’ gender and race. As is the case with students, male and European 
American are the omitted categories. Taking advantage of the rich teacher data, controls 
are included for years of experience and experience squared, measured as continuous 
variables, and teachers’ overall college GPA. Prior studies typically find that teacher 
experience has a positive, non-linear relationship with student achievement (Clotfelter et 
al., 2006) and new evidence is emerging that teachers’ college performance, as measured 
by GPA, predicts student math achievement (Kukla-Acevedo, 2007). An overwhelming 
majority of teachers in the sample are European American and female. On average, 
teachers have about 17 years of experience, and have a 3.0 GPA upon graduation. 6  
Students and teachers are non-randomly distributed across schools because 
families and teachers choose neighborhoods and schools based on preferences (Tiebout, 
1956). Additionally, students are placed among classrooms within schools according to 
such characteristics as academic ability and behavior considerations (Clotfelter, Ladd, 
and Vigdor, 2006). This non-random selection of teachers and students introduces 
substantial bias in the estimates of teacher characteristics, such as pre-service college of 
attendance. Incorporating student, teacher, and school fixed effects into the models 
produces more valid estimates of teacher characteristics by accounting for these sources 
of unmeasured heterogeneity. To eliminate the three levels of fixed effects, the student 
effect is demeaned, while the teacher and school effects are modeled by including 
indicator variable regressors. Standard errors are clustered by teacher in both the cross-
                                                 
6 Average years of teaching experience is slightly higher than is found in other datasets. Using statewide 
data from North Carolina, Goldhaber & Anthony (2004) report average years of teaching experience to be 
roughly 13 years; Jepson (2005) shows average experience to be roughly 14 years in the Prospects dataset, 
and in the Longitudinal Survey of American Youlth, Monk (1994) reports average teacher experience to be 
just over 16 years.   
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 sectional and fixed effects models to account for the nested nature of the data. That 
assumes that unmeasured factors are correlated at the level of the teacher but not at the 
level of the school. 
The relationship between pre-service college and student math gains is 
represented by the following model:  
(1) Ait - Ait-1 = ΔAit = β1Stuit + β2Tchijmt + β3TPPjt + γi + δj + λm + uit  
where Ai and Ait-1 are standardized KCCT scores; TPPjt is a vector of indicator variables 
capturing the teacher’s preparation program. Stuit is a vector of student-specific 
characteristics, such as previous achievement, race, gender, and subsidized lunch 
eligibility; Tchijmt includes teacher-specific characteristics, including gender, race, 
experience, and college GPA. The subscripts denote students (i), teachers (j), schools (m) 
and time(t), while γi is a student fixed effect, δj is a teacher fixed effect and λm is a school 
fixed effect. Of primary interest is the estimation of TPP, which, if correctly modeled, 
can be interpreted as the impact of teacher pre-service education on elementary student 
math gains.  
 The main hypothesis of this study posits that the quality of the teacher preparation 
program affects the teacher’s future success in the classroom. However, a program’s 
curriculum and mentoring is only partly responsible for the teachers it produces. Another 
element to a teacher preparation program is the ability to select the teachers that it 
determines will be good educators. Since teacher preparation programs typically employ 
distinct admissions criteria and this paper aims to determine the differential effect of 
preparation program on success in the classroom, the full model with all three fixed 
effects is compared to a model that excludes the teacher fixed effects.      
A sensitivity analysis is also conducted to test whether the structure of the 
Kentucky state testing plan drives the results. This testing structure is potentially 
problematic when examining the change in student achievement from one year to the 
next because students may be naturally inclined in one academic area, while struggling in 
the other. Assume a student is academically gifted in reading and average achieving in 
math, thus earning a 2.023 z-score in 4th grade and a 0.063 z-score in 5th grade. The −1.96 
loss in test score will be attributed to the college of the math teacher, when the reason 
behind the loss is actually the student’s academic tendency. While value-added models 
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 have been conducted that use different subject area tests in consecutive years (Eberts and 
Hollenbeck, 2001), it is worth investigating whether this technique is attributing undue 
gains or losses, in terms of student test scores, to any given teacher’s pre-service college 
of attendance. To look at this question further, the full fixed effects model is run on a 
sample of elementary students whose performance on the reading and math tests are 
similar. Students were selected into the sample if the difference in their reading and math 
test scores falls within one standard deviation of the mean difference. Results of all three 
models are listed in Table 3.2.  
 
Results 
 Across all three models, most of the student characteristics predict the change in 
student achievement in ways that are consistent with prior research. Holding all else 
equal, third grade math scores positively predict the change in achievement and females 
perform worse than males. There is a negative coefficient on the African American 
student variable and a positive coefficient on the Asian American student variable. While 
experience and experience squared variables are not statistically significant in models 
that incorporate teacher fixed effects, the coefficients do follow the expected non-linear 
pattern that years of experience lead to positive gains at a decreasing rate. Overall GPA is 
shown to predict student gains in prior research (Kukla-Acevedo, 2007) therefore it is 
surprising that this variable fails to achieve statistical significance in any of the models. 
The lunch variables also operate in unexpected ways. The coefficient signs on free and 
reduced lunch status are consistently positive, and in the case of the sensitivity sample, 
statistically significant.  
 Generally, the coefficient estimates in the model without teacher fixed effects are 
absolutely smaller than, or equal to, the estimates in the models that include all three 
levels of fixed effects. The fixed unobserved teacher characteristics bias the estimates 
slightly downward, indicating that teachers entering the preparation programs may have 
characteristics that encumber effective teaching. However, preparation programs can only 
select teachers from the pool of available applicants. Much additional data describing the 
applicant pool and preparation selection procedures would be needed to assess the 
programs’ efficacy in selecting the best future educators.  
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  TPPs D and E both have positive, substantively large, and statistically significant 
coefficients in the full model, but not in the sensitivity sample. By design, the standard 
errors are either similar or more precise in this sample, but the magnitudes decrease 
substantially which prevents either coefficient from gaining statistical significance. This 
result suggests that students’ unbalanced skills in the two subject areas might be driving 
the statistically significant results in the full model. For this reason, the sensitivity sample 
provides the preferred estimates and will be incorporated when dividing the students into 
subgroups.  
Kukla-Acevedo (2007) finds evidence that teacher characteristics, such as college 
GPA and math content hours differentially affect African American and European 
American elementary students. Ehrenberg & Brewer (1994) report that teachers’ college 
selectivity affects the achievement scores of European American students only, while 
advanced degrees impact the achievement scores of African American students. To 
determine whether teacher preparation program also has heterogeneous treatment effects, 
the full sample is split according to race. Table 3.3 provides evidence that African 
American and European American students respond differently to school and teacher 
inputs.  
Focusing on the sensitivity sample, some of the student characteristics 
demonstrate similar patterns to those found in the full sample. Again, third grade math 
score positively predicts the change in achievement and female students perform worse 
than male students. Differences in the sign and significance of the lunch status variables 
provide a possible explanation for why these variables did not achieve statistical 
significance in the full sample. The two variables are positive and statistically significant 
for the European American students, but tend to be negative for African American 
students.  
Some of the teacher characteristics predict African American elementary student 
gains only; there are no statistically significant effects detected (at conventional levels) 
for European American students. In the full African American student sample, female 
teachers and those belonging to another race not listed have students with negative 
change, while overall GPA is a strong positive predictor of academic gains. In the 
African American sensitivity sample however, the coefficient on overall GPA becomes 
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 marginally statistically significant, while the coefficient on female teacher loses 
significance completely. Despite the weak relationships detected between the teacher 
characteristics and student gains, the results are consistent with previous results 
indicating that teacher characteristics influence African American students more strongly 
than their European American peers.   
Turning to the variables of interest, two of the preparation programs are 
statistically significant in the African American student sample. TPP A retains its 
negative sign and statistical significance in the reduced sample, although the coefficient 
is smaller in magnitude. The coefficient on TPP D becomes substantially smaller in 
magnitude and loses statistical significance entirely in the sensitivity sample. 
Interestingly, Other TPP is statistically insignificant in the full African American sample, 
but gains significance in the reduced sample. A similar trend occurs in the European 
American sample in which TPP C is only statistically significant in the reduced sample. 
As is the case in the pooled model in Table 3.2, the variations between the full and 
reduced samples by race suggest that students’ unbalanced skills in the two subject areas 
are unduly influencing the results of the full samples. The more accurate estimates are 
likely to be those from the sensitivity samples, which do not include students with largely 
disparate reading and math scores.  
The hypothesis presented earlier in this chapter posits that teacher preparation 
effects are detectable, but they will diminish over time. The analysis points out that the 
reference program may be preparing pre-service teachers in creating student gains more 
effectively than TPP A, TPP C, and those in the Other category, but it does not speak to 
the persistence of the effect over time. To test this hypothesis, interaction terms between 
preparation program and years of experience were constructed and added to the fixed 
effects regression models. Negative coefficients on the interaction terms would have 
provided evidence to support the hypothesis; unfortunately, data limitations preclude 
testing this particular hypothesis and the coefficient estimates for the interaction terms are 
zero and statistically insignificant. There are very few novice teachers that appear in the 
dataset, and even fewer inexperienced teachers with complete teacher, student and school 
information. For this reason, the fixed effects regression models presented in Tables 3.2 
and 3.3 do not include any teachers with less than six years of experience.  
 44
 Since the teachers represented in the data have several years of experience, the 
program effect should not be detected in this sample. Most likely, the coefficients are 
picking up school academic trends that are not fixed from year to year, rather than a 
preparation effect. For example, if a substantial portion of the elementary schools in 
which graduates from TPP A are working experienced unsystematic negative change 
during the period of analysis, then the negative coefficients for TPP A are reflecting the 
schools’ trend.  
Publicly available data published on the Kentucky Department of Education’s 
(KDE) website are used to assess whether this is a feasible explanation for the findings 
(http://www.education.ky.gov/KDE/). The KDE constructed school index scores from the 
yearly KCCT tests, which are disaggregated by subject and race. These data are 
longitudinal in nature, spanning from the 2001 through the 2006 school years. While the 
index scores are not directly comparable to the z-scores used in this analysis, the longer 
time span allows the researcher to determine whether the schools experienced a 
downward trend in test scores during the time period of study, and whether the trend 
persists. If school trends are evident, then the TPP coefficients are probably not picking 
up teacher training effects. If school trends are not apparent, then there is a possibility 
that the coefficients reflect some aspect of the program’s training.  
Line graphs for each teacher preparation program are constructed that track the 
yearly index scores of the elementary schools in which the graduates are employed. 
Aggregate and individual school trends are presented. The estimated coefficient for TPP 
A when run on the sensitivity sample of African American students is −0.391. Figure 1a 
clearly indicates that the index scores of African American students, averaged across the 
relevant schools, dropped during the time period of interest.7 The disaggregated index 
scores in Figure 1b demonstrate that five out of the six schools in which TPP A graduates 
are employed experienced this downward dip in the scores of African American students, 
with most schools recovering within two to three years. Importantly, these dips or peaks 
did not occur in the elementary schools where the graduates from statistically 
insignificant programs work. For example, TPP A did not have a statistically significant 
                                                 
7 The vast majority of change scores were calculated between the 2001 and 2002 academic years. 
Therefore, this is referred to as the time period of interest when viewing the school trend figures.  
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 effect on European American students, and Figures 2a and 2b support that there was not a 
corresponding drop in test scores among this group of students.  
Two other coefficients are statistically significant in the reduced sub-group 
samples. The coefficient for Other TPP is large and negative when the model is run on 
African American students and the coefficient for TPP C is large and negative when the 
model is run on European American students. Figures 3a-3b show that the test scores of 
African American students at the elementary schools in which Other TPP graduates are 
employed dropped substantially during the period of interest and rose steadily thereafter. 
A similar phenomenon occurs with the test scores of European American students at the 
elementary schools in which graduates of TPP C are employed. The graphs roughly 
indicate that the statistically significant preparation program coefficients characterize the 
elementary schools’ achievement testing trend rather than provide an accurate 
representation of the quality of the pre-service training.  
 
Discussion 
 In this paper, the effects of teachers’ pre-service preparation program on the 
change in elementary student math achievement are explored. A conceptual model is 
tested that controls for most of the bias introduced by the non-random sorting of students 
and teachers, both within and among schools. Despite a robust methodology, data 
limitations render this study unable to determine whether some teacher training programs 
to better at training teachers than others. The stratification of teachers among elementary 
schools makes it impossible to distinguish the lasting effects of the training program from 
the achievement testing trends of the elementary schools.  
 The data requirements that enable this study’s success are extensive. At a 
minimum, a longer time period should be observed so that random variations in yearly 
testing do not unfairly bias the estimates of a specific training program. Additionally, 
since many teachers choose to work in schools that are geographically close to their 
teacher training program, it would be desirable to expand the sample beyond the current 
district. Also, a better measure of pre-service teacher ability (prior to entering the training 
program) should be incorporated.  
 46
 There are current efforts underway in the state of Kentucky that may enable this 
study’s completion in the future. EPSB is working with other districts in the state in 
efforts to match high school students’ test scores to individual teachers. Due to the 
difference in grade level, these data cannot be combined with the fifth grade data in this 
study, but it is promising that EPSB is making important advances in this type of data 
collection. EPSB is also beginning to collect the ACT scores of all beginning teachers in 
the state of Kentucky. There are currently too few teachers with ACT scores to utilize this 
information in the current study, but the collection of a pre-service ability variable will be 
critical to future studies that attempt to measure the value-added of teacher training 
programs.     
This analysis underscores the importance of breaking out the analysis by student 
racial categories. In the current form, little can be said about the efficacy of teacher 
training programs with respect to their value added among students of different racial 
groups. However, consistent with prior evidence, the gains of African American students 
appears to be more sensitive to teachers’ race and overall GPA than the gains of 
European American students. For this reason, it may be inappropriate to assume that a 
finding from a pooled sample will hold when the same model is run on a student 
subgroup. Researchers should take care to break out students by race when conducting 
analyses that predict student achievement, especially in light of the growing achievement 
gap which the current No Child Left Behind policy environment attempts to address. 
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Table 3.1 
Summary statistics: Means and standard deviations. 
  
Mean 
Standard 
Deviation 
Student Characteristics 
     3rd grade Math z-score      
     4th grade Reading z-score 
     5th grade Math z-score 
     % Female 
     % Free lunch 
     % Reduced lunch 
     % European American 
     % Asian American 
     % African American 
     % Latino/a 
     % Other Race 
 
Teacher Characteristics 
     Experience 
     % Female 
     % African American 
     % Other Race 
     Overall GPA 
     % TPP A  
     % TPP B  
     % TPP C  
     % TPP D   
     % TPP E  
     % Other TPP 
     % TPP F  
     Mean ACT composite score 
 
N 
  
−0.041   
−0.063 
0.078 
50.78  
40.68 
7.62 
60.99 
1.42 
32.65 
1.25 
1.92 
 
  
16.95 
86.92 
 12.66 
0.75 
 3.01 
7.81 
14.08 
 10.71 
2.04 
11.04 
 7.92 
41.24 
21.97 
 
3571 
 
0.834 
0.859 
1.073 
50.00 
49.13 
26.53 
48.78 
11.84 
46.90 
11.13 
13.74 
 
 
 7.26 
33.72 
33.26 
8.65 
0.39 
26.83 
34.79 
30.93 
14.12 
31.35 
27.01 
49.23 
0.66 
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Table 3.2  
Coefficient estimates from pooled fixed effects models. Standard errors in parenthesis. 
Teacher Fixed Effects? No Yes Yes 
Sample Full Full Sensitivity 
Teacher Preparation Program     
−0.103 0.026 −0.140      TPP A  
(0.071) (0.104)  (0.114) 
−0.014 0.099 
(0.078) 
0.008 
     TPP B  0.020 
(0.049)  (0.089) 
0.050      TPP C  0.131 
(0.057) (0.061)  (0.227) 
0.064 0.139 
(0.168) 
−0.003 
(0.102) 
0.062 
     TPP D  0.409** 
(0.089)  (0.210) 
0.060      TPP E  0.235** 
(0.054)  (0.099) 
−0.701***      Other TPP 0.151 
 (0.218) (0.103) (0.238) 
     Average ACT score 0.001 −0.014 
(0.026)  (0.034) 
Student Characteristics   
0.065***      Previous test score 0.064*** 
(0.011)  (0.010) 
−0.124***      Female −0.124*** 
(0.013)  (0.013) 
0.011      Free lunch 0.011 
(0.016)  (0.016) 
 0.004      Reduced lunch 0.002 
(0.025)  (0.025) 
0.216***      Asian American 0.226*** 
(0.088)  (0.090) 
−0.036**      African American −0.035** 
(0.016)  (0.016) 
0.006      Latino/a 0.008 
(0.043)  (0.043) 
−0.004      Other Race 0.001 
(0.046)  (0.046) 
Teacher Characteristics   
 0.076***      Experience 0.001 
(0.021)  (0.025) 
−0.001***      Experience squared −0.0001 
(0.0003)  (0.0004) 
−0.005      Female −0.114 
(0.039)  (0.193) 
−0.079      African American −0.101 
(0.063)  (0.067) 
 −0.257***      Other Race 0.047 
(0.069)  (0.209) 
 0.069      Overall GPA 0.027 
(0.050)  (0.117) 
0.468*** Year 0.464*** 
(0.128)  (0.130) 
   
3571 3571 N 
0.002 
(0.029) 
 
0.013** 
(0.006) 
−0.094*** 
(0.011) 
0.022** 
(0.011) 
 0.028 
(0.018) 
0.092*** 
(0.034) 
−0.011* 
(0.010) 
0.054* 
(0.031) 
−0.055 
(0.035) 
 
 0.0001 
(0.0016) 
−0.0001 
(0.0003) 
−0.048 
(0.055) 
−0.010 
(0.099) 
 --- 
 
 0.040 
(0.053) 
0.033 
(0.102) 
 
2683 
College F is the reference group.  
*** p<0.01; ** p<0.05; * p<0.10 
 
  
 
 
 
Table 3.3 
Heterogeneous treatment effects of teacher preparation program on student gains. Standard errors in 
parenthesis. 
 African American 
students 
European American 
students 
Sensitivity Sample? No Yes No Yes 
Teacher Preparation 
Program 
 
     TPP A  
 
     TPP B  
 
     TPP C  
 
     TPP D  
 
     TPP E  
 
     Other TPP 
 
     Average ACT score 
 
Student Characteristics 
     Previous test score 
 
     Female 
 
     Free lunch 
 
     Reduced lunch 
 
Teacher Characteristics 
     Experience 
 
     Experience squared 
 
     Female 
 
     African American 
 
     Other Race 
 
     Overall GPA 
 
     Year 
 
 
N 
  
 
 
−0.545** 
(0.248) 
−0.289* 
(0.170) 
0.202* 
(0.115) 
0.574*** 
(0.191) 
−0.080 
(0.165) 
−0.198 
(0.149) 
0.097 
(0.153) 
 
0.043** 
(0.020) 
−0.123*** 
(0.022) 
−0.023 
(0.027) 
−0.070 
(0.043) 
 
 −0.005 
(0.040) 
0.0001 
(0.0006) 
−0.328** 
(0.155) 
0.154 
(0.139) 
 −0.360** 
(0.182) 
 0.552*** 
(0.171) 
0.406*** 
(0.061) 
 
1164 
 
 
 
−0.391*** 
(0.133) 
−0.047 
(0.075) 
0.109 
(0.074) 
0.040 
(0.110) 
−0.156 
(0.108) 
−0.320*** 
(0.075) 
0.136 
(0.087) 
 
0.033*** 
(0.011) 
−0.075*** 
(0.014) 
0.014 
(0.016) 
−0.037 
(0.028) 
 
 −0.013 
(0.024) 
0.0002 
(0.0003) 
0.170 
(0.123) 
−0.117 
(0.076) 
 −0.310*** 
(0.078) 
 0.125* 
(0.072) 
0.140 
(0.129) 
 
847 
 
 
 
0.147 
(0.238) 
0.206** 
(0.104) 
0.137 
(0.202) 
0.447* 
(0.239) 
0.384* 
(0.218) 
0.199 
(0.240) 
−0.011 
(0.065) 
 
0.078*** 
(0.013) 
−0.140*** 
(0.018) 
0.051** 
(0.023) 
0.072** 
(0.036) 
 
0.001 
(0.033) 
0.0001 
(0.001) 
−0.034 
(0.218) 
−0.117 
(0.106) 
--- 
--- 
0.108 
(0.221) 
0.438 
(0.336) 
 
2180 
 
 
 
−0.032 
(0.078) 
0.014 
(0.069) 
−0.215** 
(0.098) 
0.320 
(0.211) 
−0.005 
(0.074) 
0.176 
(0.200) 
−0.051** 
(0.022) 
 
0.006 
(0.009) 
−0.044*** 
(0.011) 
0.035** 
(0.015) 
0.061** 
(0.025) 
 
0.001 
(0.021) 
−0.0001 
(0.0003) 
−0.133 
(0.161) 
−0.086* 
(0.050) 
--- 
--- 
0.042 
(0.106) 
−0.245*** 
(0.064) 
 
1649 
College F is the reference group.  
*** p<0.01; ** p<0.05; * p<0.10 
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 Figure 3.1a.             
Averaged index scores for African American students. Teachers from College A.  
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Figure 3.1b. 
School index scores for African American students. Teachers from College A.  
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  Figure 3.2a.                 
Averaged index scores for European American students. Teachers from College A. 
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 Figure 3.2b. 
School index scores for European American students. Teachers from College A. 
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  Figure 3.3a.                 
Averaged index scores for African American students. Teachers from Other Colleges. 
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 Figure 3.3b 
School index scores for African American students. Teachers from Other Colleges.  
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 Figure 3.4a.                  
Averaged index scores for European American students. Teachers from College C. 
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   Figure 3.4b.  
School index scores for European American students. Teachers from College C. 
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 Chapter 4 
Workplace Conditions and Teacher Turnover 
 
Teacher turnover continually draws the attention of policymakers, researchers, 
and administrators, despite evidence showing that teacher turnover rates are similar to 
those found in comparable occupations (Harris and Adams, 2007). Staff turnover always 
imposes training, interviewing, and productivity costs upon an organization, yet in the 
educational system turnover can also compromise student learning. Teachers generally 
need to acquire five years of experience to become fully effective at improving student 
performance (Rivkin, Hanushek, and Kain, 2005). Schools with high turnover rates, such 
as those located in urban areas, fill vacant positions with new teachers (Lankford, Loeb, 
and Wyckoff, 2002), leading to concentrations of less effective teachers among their 
staff.  In this context, retention has an important role in raising student performance.    
 School, teacher and student characteristics are all potential determinants of 
teacher turnover and research provides fairly clear indications of these relationships. 
However, much less is understood about the effects of organizational conditions on 
attrition. The bulk of the research on organizational environment looks at its impact on 
job dissatisfaction or stress, rather than a behavioral response, such as quitting a job or 
transferring to another school. Since organizational conditions are driven by 
administrator behavior, this focus may illustrate policy levers that can reduce turnover.   
 This study analyzes the effect of three organizational conditions, administrator 
support, behavioral climate of the school, and classroom autonomy, on the transitional 
decisions of teachers. A substantial body of research establishes the causal relationship 
between these factors and teacher stress. This study seeks to determine whether the 
factors that cause teacher stress also predict teacher transitions. It extends upon prior 
work by distinguishing between teachers who leave the profession and those who transfer 
to another school. Additionally, it uses more comprehensive measures of the 
organizational conditions than have been previously utilized.  
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 Determinants of Attrition 
 Individuals enter the teaching profession because they determined that the 
compensation, benefit levels, working conditions, and intrinsic value of teaching provide 
the best employment opportunity out of all of their available options (Guarino, 
Santibañez, and Daley, 2006). Once in the teaching workforce, they make ongoing 
assessments of the school environment to determine whether teaching continues to be the 
most preferable option out of all their alternatives. Current teachers may decide to pursue 
another occupation, they may decide to transfer to a school with better working 
conditions, or they may decide that their current post remains the most attractive 
alternative. One way districts and schools can influence turnover is to improve certain 
working conditions to make a more desirable job environment (Guarino et al., 2006).    
 The extent research on teacher attrition clearly defines the characteristics of 
teachers that leave teaching. Turnover is high among teachers who are young or new to 
teaching and among teachers nearing retirement age (Hanushek, Kain, and Rivkin, 2004; 
Ingersoll, 2001; Adams, 1996; Singer and Willett, 1988; Murnane, 1984; Dworkin, 
1980). Researchers often describe a U-shaped curve when attrition is plotted against age 
or experience (Guarino et al., 2006).  Women have higher documented rates of departure 
than men (Ingersoll, 2001; Kirby, Berends, and Naftel, 1999; Gritz and Theobald, 1996; 
Kirby, Grissmer, and Hudson, 1991; Murnane et al., 1989). While information on the 
reasoning behind teacher departures is scarce, researchers typically attribute higher 
turnover among women to childbearing and childrearing. Several studies also indicate 
that minority teachers have lower attrition rates than white teachers (Ingersoll, 2001; 
Kirby et al., 1999; Adams, 1996; Murnane and Olsen, 1989; Dworkin, 1980; Shin, 1995; 
Murnane, Singer, Willett, Kemple, and Olsen, 1991), although there is little speculation 
on the reasoning behind this finding. Finally, teachers who majored in math and science, 
and especially secondary teachers, are more likely to attrite (Murnane and Olsen, 1989; 
Dworkin, 1980; Shin, 1995; Murnane et al., 1991). Scholars hypothesize that the high 
exit rates of these teachers are due to the increased alternative opportunities available to 
people with math and science knowledge and skills.   
School characteristics influence the workplace environment and predict much of 
the variation in teacher transitions. In general, teachers are more likely to leave urban 
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 schools (Krieg, 2006; Lankford, Loeb, and Wyckoff, 2002) and schools that have 
populations of high poverty (Smith and Ingersoll, 2004) and/or minority students 
(Scafidi, Sjoquist, and Stinebrickner, 2007; Hanushek et al., 2004; Carroll, Reichardt, and 
Guarino, 2000). There is also some evidence that larger class sizes are associated with 
attrition (Kirby et al., 1999). Teacher salaries and school mentoring practices are among 
the school and district characteristics that receive the most attention, due to their potential 
use as policy levers. Researchers show that increased salary is negatively related to 
attrition (Krieg, 2006; Imazeki, 2005; Podgursky, Monroe, and Watson, 2004; Stockard 
and Lehman, 2004; Kirby et al., 1999; Brewer, 1996; Murnane et al., 1991; Murnane et 
al., 1989), yet positively related to switching schools (Hanushek et al., 2004; Lankford et 
al., 2002). Unfortunately, at least two studies also concur that the salary increases 
required to neutralize turnover are prohibitively high (Imazeki, 2005; Hanushek, Kain, 
and Rivkin, 2002). Mentorship of early career teachers may provide a more cost-effective 
means of reducing turnover. Smith and Ingersoll (2004) show that teachers are less likely 
to quit when they receive mentoring services during their first year of teaching.  
 This paper focuses on three workplace conditions that local school administrators 
have the power to control and modify. Student misbehavior is the largest source of stress 
(van Dick and Wagner, 2001; Abel and Sewell, 1999; Hart, Wearing and Conn, 1995; 
Boyle, Borg, Falzon, and Baglioni, 1995; Starnaman and Miller, 1992) and job 
dissatisfaction (Stockard and Lehman, 2004; Rosenholtz and Simpson, 1990; Blasé, 
1986; Denscomb, 1985) in the teacher workforce. The effects of behavioral climate on 
attrition receive much less attention in the literature, however two recent studies indicate 
that undesirable student behavior is also related to increased attrition (Kelly, 2004; 
Ingersoll, 2001).  
Classroom autonomy, including the freedom to choose textbooks, instructional 
techniques, classroom discipline and grading policies has a negative association with 
teacher stress (Byrne, 1994; Sutton, 1984) and job satisfaction (Schwab and Iwaniki, 
1982), although its effect is not as strong as that of behavioral climate. Researchers find 
that lack of control in the classroom makes teachers feel hindered and ineffective. 
Schools that provide teachers with more classroom autonomy have lower rates of attrition 
(Ingersoll, 2001).  
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 Direct communication and support from a supervisor, principal, or other 
administrator diminish the perception of stress (Starnaman and Miller, 1992; van Dick 
and Wagner, 2001; Hart et al., 1995) and job dissatisfaction (Rosenholtz and Simpson, 
1990). Specifically, job satisfaction is improved when principals maintain direct 
involvement in dealing with disruptive and difficult students. Direct involvement may 
include removing or punishing the student, or communicating the rules to the offender. 
These findings corroborate Ingersoll’s results that turnover is lower in schools where 
administrations provide teachers with more support.  
 Further analysis on the effects of behavioral climate, classroom autonomy, and 
administrative support on attrition is warranted for two reasons. First, neither Kelly 
(2004) nor Ingersoll (2001) makes the distinction between teachers who leave the field of 
teaching (leavers) and those who transfer to different schools (movers), which likely 
masks important heterogeneity in the transition decisions. Second, the SASS/TFS allows 
the creation of more comprehensive measures of workplace conditions than used in the 
previous studies. Kelly’s student behavior variable has an alpha of 0.71, while the 
reliability of the behavioral climate used in this study is α=0.92. Rather than use 
individual teacher data, Ingersoll (2001) uses the school mean of the teachers’ 
perceptions of the three workplace conditions. This strategy masks potentially important 
variation that could be used to predict the teachers’ transitional behaviors.  
 This analysis extends prior research by distinguishing among leavers and movers 
and incorporating more comprehensive measures of behavioral climate, administrative 
support, and classroom autonomy. To test the impact of organizational conditions on the 
probability that a teacher will leave the teaching workforce I test both a binary outcome 
model and a multinomial logit model. Additionally, I run both models on the full sample 
of teachers, as well as the sample that has been in the workforce for less than five years to 
determine whether the organizational factors have differential impacts on new and 
experienced teachers.    
 
Data, Measures, and Methods 
Data come from the 1999-2000 Schools and Staffing Survey (SASS) and the 
2000-2001 Teacher Follow-Up Survey (TFS) administered by the National Center for 
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 Education Statistics. The SASS public-use surveys contain detailed data on school, 
principal, and teacher characteristics, which permit analyses of staffing, occupational, and 
organizational aspects of elementary and secondary schools. One year after the SASS 
data collection, respondents are contacted to complete the TFS, which provides 
information on teacher mobility. The data are well-suited to explore questions such as 
this which seek to determine whether known sources of teacher stress lead to teacher 
turnover. One drawback of using SASS/TFS, however, is that the data are cross-sectional 
in nature. Different teachers are surveyed in each wave of the survey, so it is not possible 
to create the type of longitudinal dataset that could parse out the effects of the 
unmeasured fixed factors from the effects of the variables of interest. Instead, the analysis 
relies on a comprehensive set of control variables to account for potential confounding 
factors.    
In order to provide a nationally-representative snapshot of U.S. public schools and 
teachers, SASS uses a complex stratified probability sample design. In the first stage, a 
random sample of schools is stratified by state, public/private sector, and school level. A 
sample of teachers is then selected from each school in the second stage. The design 
requires the use of weights for estimation and calculation of standard errors due to an 
unequal probability of selection into the sample and differential response rates among 
schools, teachers, and principals. All analyses in this paper were conducted using Stata 9 
survey commands and replicate weights to arrive at appropriate standard errors.  
 The outcome measures specify the teachers’ mobility decision between the 1999-
2000 and 2000-2001 school years. Teachers that left the field of teaching altogether are 
defined as leavers; those who switched schools, but remained in teaching are classified as 
movers; those that remained in their current teaching post are stayers. The sample 
includes all full-time, public school teachers who completed the 2000-2001 TFS 
(N=3,505). 
 The three independent variables of interest represent teachers’ perceptions of 
workplace conditions. Classroom autonomy is a scale variable that measures the amount 
of control a teacher has in his or her classroom in the areas of planning, teaching, and 
disciplining students. The scale is a summation of six items that use a five-point Likert 
scale and is positively coded so that higher scores indicate more control in the classroom. 
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 Factor analysis revealed that this scale demonstrated acceptable internal validity 
(α=0.78). Administrative support measures the perceived amount of support to the 
teachers from the school’s principal and administration. The five items measure the 
degree to which the principal communicates expectations, provides public recognition, 
and enforces school rules for student conduct. The items use a four-point Likert scale and 
the measure is coded so that higher scores on the scale reflect a higher degree of 
perceived support. The administrative support scale has a relatively high degree of 
internal validity (α=0.87). Behavioral climate measures the perceived level of 
challenging student behaviors exhibited at the school. The eighteen items measure lesser 
offenses, such as student tardiness, to significant behaviors, like possession of weapons. 
The item is positively coded so that higher scores on the scale represent higher levels of 
student misbehavior at the school. This scale item has the highest degree of internal 
validity, with an alpha of 0.92. Table 4.1 lists means and standard deviations of all 
independent variables for the overall sample, as well as for stayers, movers, and leavers.  
Since the three variables of interest are all factors that predict teacher stress, it is 
instructive to look at the correlations between the variables. Table 4.2 indicates that the 
three factors measure somewhat distinct dimensions of teacher stress. The strongest 
relationship occurs between behavioral climate and administrative support with a 
relatively modest correlation coefficient of −0.298, while the smallest correlation occurs 
between behavioral climate and classroom autonomy (−0.106).  
 Demographic information on the teachers, such as age, race, and gender is 
included in all models. Age is a categorical variable that measures whether the teacher is 
younger than 30 years old, between 30 and 39 years old, between 40 and 49 years old, or 
more than 50 years old. Indicator variables are used to define whether the teacher is male, 
African American, Latino/a, or another race (Other). Female and European American 
teachers provide the reference categories. The majority of the sample is European 
American, female and between 30 and 39 years old.  
The teacher workforce is comprised mainly of women in their child-bearing years, 
and scholars often attribute the high turnover rate to female teachers who leave teaching 
to raise their own children (Liu and Meyer, 2005). While SASS/TFS does not provide 
data on the teachers’ children, housing situation, or spousal employment, it does provide 
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 marital status, total earnings, and total years of experience, which likely control for much 
of the heterogeneity that impacts teachers’ mobility decisions based on family 
preferences. Marital status is included as a dichotomous variable that is equal to one if the 
teacher is married. Earnings is a categorical variable that measures whether the teacher 
makes less than $30,000 per year from all sources of income, between $30,000 and 
$39,999, between $40,000 and $49,999, or more than $50,000 per year. Experience is a 
continuous variable that measures how many years the teacher has been in the profession. 
The majority of teachers are married, make between $30,000 and $39,999 per year, and 
have 14.69 years of experience. As expected, leavers and movers have fewer years of 
experience, 10.85 and 9.45, respectively8.  
As described above, alternative opportunities are also important determinants of 
the probability that a teacher will leave or switch schools. The public-use data provides 
information on the teachers’ degree level, subject area taught, and union membership. 
Advanced degree is a dichotomous variable that is equal to one if the teacher holds a 
master’s degree or higher. Math and science teachers are flagged to represent the higher 
opportunity costs of remaining in teaching, and union is an indicator variable that 
measures whether the teacher is a member of the teacher’s union. Roughly 48 percent of 
teachers hold at least a master’s degree, 15 percent teach either math or science, and a 
large majority (81 percent) belongs to a teacher’s union.  
School characteristics comprise the final set of control variables in the models. 
Indicator variables are used to define whether the school is located in a rural, urban, or 
suburban setting. Dichotomous variables also measure whether the school is elementary, 
secondary, or a combined K-12 school. Models control for the percentage of minority 
enrollment, size of school, class size, and mentoring practices for new teachers. Finally, 
the models control for the districts’ hiring practices, such as the passage of one or more 
state or district tests. The majority of teachers work in suburban schools and their classes 
contain roughly 22 students. Forty-eight percent of schools incorporate some type of 
mentoring for new teachers, and districts, on average, require the passage of at least one 
state teaching exam.    
                                                 
8 The median years of experience for leavers and movers are seven and four, respectively. The mean is 
likely influenced by the U-shaped distribution; more experienced teachers leave the profession as they near 
retirement.   
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   Table 4.3 provides descriptive information on the transitions of teachers. Out of 
3,505 TFS respondents, five percent left teaching, eight percent switched schools, and 87 
percent remained teaching in the same school. The results indicate that the teacher 
transitions differ substantially according to the categorical teacher and school 
characteristics. The comparison between novice (0-5 years of experience) and 
experienced (>5 years of experience) provides a particularly clear contrast. Novice 
teachers are nearly 1.5 times more likely to leave the field of teaching and over twice as 
likely to switch schools as experienced teachers. Teacher age, which is largely correlated 
with experience, corroborates this finding. Teachers who are younger than 30 years old 
are over three times more likely to exit teaching and over four times more likely to switch 
schools than teachers who are 50 or older. Salary, which is also correlated with age and 
experience, follows a similar pattern. 
Consistent with prior evidence on gender and turnover, the table shows that males 
tend to remain in their current teaching post at a higher rate than females. While males 
and females exit teaching at about the same rate, females are more likely to switch 
schools. This is unexpected because previous research indicates that females tend to leave 
teaching in order to raise children or tend to family  (Murnane et al., 1989; Allred and 
Smith, 1984).  
Transitions according to teacher race and school urbanicity are fairly stable across 
categories, with a few exceptions. Teachers who are African American or who belong to 
another race not listed are more likely to switch schools than teachers who are Latino/a or 
European American. A higher percentage of teachers who work in suburban schools exit 
teaching and a lower percentage of teachers who work in rural schools switch schools.      
 The previous information on transitions provides a detailed picture of the teacher 
mobility patterns. It clearly indicates that a large amount of the turnover is due to teachers 
switching schools, rather than exiting the field, altogether. Additionally, it raises 
questions about previous conclusions that childbearing is the primary contributor to 
female teacher exit. However, the joint effects of the workplace conditions and teacher 
and school characteristics on mobility must be considered using a series of logit and 
multinomial logit regressions.  
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 The specification of the model draws upon regression analyses conducted by 
Rosenholtz and Simpson (1990) and Hanushek et al. (2002). The general model is: 
  Prob(Y=1) = F (W, S, T) 
where Y is a binary variable equal to one if the teacher left teaching or switched 
schools and 0 if the teacher remains in the same school9. W is the vector of workplace 
conditions as perceived by the teacher; S describes the school characteristics, including 
school level taught, class size, salary and urbanicity; and T is a vector of individual 
teacher characteristics, including gender, age, marital status, and race. Each teacher 
evaluates the benefit in leaving teaching (Y=1) or staying in teaching (Y=0), and will 
choose to quit teaching if the benefit of quitting is greater than some threshold value.  
Y*(net utility, unobservable) = benefit of quitting – cost of quitting 
Y* = X'β + u 
X'β is an index function of the individual’s values for the independent variables. We 
observe: 
Y = 1 if Y*>0 and Y = 0 if Y* ≤ 0. 
Therefore, the individual’s probability of choosing to quit is a function of the index (X'β). 
P (Y) = F(X'β) 
The function F is assumed to be the standard logistic distribution. Maximum likelihood is 
used to estimate the parameters, which are both consistent and efficient.  
 Results of logit model run on both samples are listed in Table 4.4. F-tests indicate 
that the equations are significant at the 5% level. Of the three variables of interest, only 
administrative support is statistically significant in the full sample. As expected, the 
coefficient is negative and indicates that teachers’ probability of leaving the school or 
exiting from the teacher workforce decreases as support from the principal increases. In 
the new teacher sample, the coefficients for administrative support and behavioral 
climate are statistically significant and follow the expected pattern. Increased levels of 
student misbehavior are associated with a higher probability of leaving or switching, 
while administrative support is a protective factor against attrition. Consistent with the 
descriptive analysis, increased experience is associated with a decreased probability that 
                                                 
9 Leavers and movers are grouped together in this model because of the need to have a consistent 
comparison group, stayers. If leavers is used as the dependent variable, then the corresponding comparison 
group is comprised of movers and stayers.  
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 the teachers will leave teaching or switch schools. Results from both samples also 
indicate that Latino/a teachers and union members are also less likely to switch or leave 
the profession.  
While the sign and significance of the coefficients can be directly interpreted from 
the results, the magnitude cannot because the marginal effects are different across 
individuals. Instead, marginal effects must be calculated at the mean value of all other 
variables in order to interpret the magnitude of the coefficients. The marginal effects of 
the statistically significant variables are listed in Table 4.5.  On a scale from zero to 15, a 
one-unit increase in the perception of administrative support is associated with a 0.5 
percent lower probability of quitting or switching for the full sample and 1.2 percent 
lower probability for the new teacher sample. A one-unit increase in perceived 
behavioral climate (on a scale from 0-54) is associated with a 0.4 percent increase in the 
probability of a novice teacher leaving or switching, holding all other variables at their 
mean.  
 The logit regressions reported in Table 4.4 force the effects of workplace 
conditions, school, and teacher characteristics to operate similarly on the probabilities 
that teachers leave the profession or switch to another school. In reality, effects may be 
distinct for these two types of transitions. A multinomial logit model is used look at the 
differences between three groups of teachers – those that remain teaching in the same 
school at the one year follow-up, those that moved schools at the follow-up, and those 
that left teaching, altogether. The dependent variable is redefined to represent the three 
groups of teachers and the same independent variables are used as in the previous 
models. Similar to the logit models, the decision maker makes his or her mobility 
decision according to the unobserved level of utility he or she will gain from staying, 
moving, or leaving teaching. The estimated coefficients are listed in Table 4.6; Table 4.7 
lists the marginal effects. 
  None of the perceived workplace conditions achieve statistical significance for 
either group of leavers, although Latino/a, Other, and union members have lower 
probabilities of leaving the profession in both the experienced and novice samples. The 
results for both samples of movers indicate a relationship between administrative support 
and the decisions to transfer schools. Holding all other variables at their mean, 
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 experienced teachers are 0.5 percent less likely to switch schools and novice teachers 0.9 
percent less likely to switch schools with a unit increase in administrative support. 
Increased perception of student misbehavior also has a small, positive association with 
the likelihood that a new teacher switches schools.  
 
Discussion  
SASS/TFS was designed to provide a cross-sectional snapshot of the teacher 
workforce. Since the data are not longitudinal in nature, the analysis cannot account for 
the nonrandom assignment of teachers to schools.  While the analysis attempts to include 
a comprehensive set of controls to account for the social advantage and disadvantage of 
schools, it is impossible to include an exhaustive set of controls, and there is likely some 
amount of bias in the results. While the analysis makes a contribution to the turnover 
literature, the results should be interpreted with some caution.  
 The descriptive results on teacher transitions reveal that teacher churning 
(switching schools) accounts for more of the annual teacher turnover than actual attrition. 
The nationally representative data used in this paper indicate that 1.5 times as many 
teachers move to a different school as opposed to leaving the field altogether. This has 
important implications for policy makers that seek policy levers that limit the amount of 
turnover in the field. As hypothesized, and demonstrated in this paper, the transition 
decisions made by movers are determined by different factors than the transition 
decisions of leavers.    
Once the effects of the perceived workplace conditions are allowed to vary by 
movers and leavers, a simple comparison of Tables 4.4 and 4.5 to Tables 4.6 and 4.7 
demonstrates that the movers are driving nearly all of the statistically significant results. 
The logit models forced movers and leavers together in the dependent variable. Looking 
at the full sample of teachers, the marginal effect of administrative support is the same in 
the logit model as it is for the movers group in the multinomial logit model. A similar 
phenomenon occurs with the new teacher sample. The marginal effects of administrative 
support and behavioral climate are only slightly larger in the logit model (−0.012 and 
0.004) than the effects for the movers group of the multinomial logit model (−0.009 and 
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 0.002). Further, none of the perceived workplace conditions reaches statistical 
significance for either group of leavers in the multinomial logit models. 
While administrative support and behavioral climate demonstrate statistical 
relationships with the transition decisions, the marginal effects of these variables are 
substantively insignificant. Using the full sample movers group an example, the marginal 
effect of administrative support is roughly 1/16th the marginal effect of union 
participation. Additionally, administrative support has an extremely small variance, from 
0.10-0.36 across leavers, movers, and stayers, making it unlikely that this workplace 
condition provides much utility as a policy lever in mitigating teacher turnover.  
The third independent variable, classroom autonomy, is statistically insignificant 
in all models. One explanation that can be drawn from the logit and correlation results is 
that there are factors of teacher stress that are associated with the probability that a 
teacher will switch schools, while other facets of stress are unrelated to the probability of 
switching schools. Alternatively, it is possible that the demands of the high-stakes testing 
environment constrain teachers’ classroom autonomy more than the individual school 
policies and practices. If this is the case, teachers who are unhappy with the level of 
classroom autonomy at a given school have little or no incentive to switch schools as a 
strategy to improve this workplace condition. In this situation, all schools within the state 
will have fairly similar levels of classroom autonomy. 
The analysis provides some important directions for future research. In all 
analyses, union participation has the strongest relationship with the transition decisions 
out of all the variables considered. One possibility is that union participation is 
endogenous and more committed teachers participate in unions. On the other hand, union 
participation could also impose external impacts on teacher staffing. Seniority clauses 
allow experienced teachers (who are often the most effective) the ability to transfer to 
their preferred school. This can be quite problematic since most teachers prefer to work 
in higher income, lower minority, low-need schools. Unions also repeatedly thwart 
attempts by superintendents to more equitably redistribute teachers and principals among 
their schools (Prince, 2002). This analysis indicates that union pressure discouraging 
teacher transfers is a much stronger effect than that of voluntary seniority transfers, 
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 although the analysis cannot speak directly to this question. Further research should also 
focus on the effect of union participation on teacher effectiveness. 
 
Conclusion 
The study hypothesizes that the same factors that cause teacher stress also cause 
teacher turnover and mobility. While teachers’ perceptions provide key and relevant 
information that explains stress levels, perceptions are not central to the transitional 
decisions of teachers. It is unknown whether teachers’ perceptions are reflective of the 
actual workplace environment of teachers and an important complement to this work 
would use measures of actual behavior workplace factors rather than rely on teacher 
perceptions. For instance the number of student detentions, or suspensions could be used 
to measure behavioral climate, while a complete record of principal interventions could 
indicate the level of administrative support.  
This analysis provides further evidence to the research base that movers make 
transitional decisions based on a different set of factors than leavers. This provides 
important information to administrators who may prefer to focus attention on retaining 
movers, rather than leavers.  The assumption is that movers go to another school because 
it provides higher overall utility, while leavers may be fundamentally unhappy with the 
job duties. It is a reasonable postulation that all else equal, a teacher who dislikes 
teaching will be less effective than one who enjoys teaching but is dissatisfied with 
workplace conditions.   
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 Table 4.1 
Descriptive statistics: means and standard deviations. 
 Leavers Movers Stayers Overall 
Classroom Autonomy 
Administrative Support  
Behavioral Climate 
% Female  
% Male  
% European American  
% African American  
% Latino/a  
Age 
(1= <30; 2= 30-39;  
3= 40-49; 4= >50)  
% Married  
%  Unmarried  
Years Experience  
% Math or Science  
% Masters Degree 
% Union Participation 
% Suburban School 
% Rural School  
% Urban School  
% Elementary School 
% Secondary School  
% K-12 School  
School Earnings (Per Yr) 
(1= <20K; 2= 20K-25K; 
3= 25K-30K; 4= 30K-
40K; 5= >40K)  
Minority Enrollment  
Class Size  
School Size 
District Hiring 
School Mentoring 
 
N 
Population Size 
24.35 (0.32) 
16.02 (0.36) 
19.05 (1.00) 
76.25 (3.26) 
23.75 (3.26) 
86.46 (3.25) 
9.32 (3.17) 
 3.27 (0.90) 
2.36 (0.10) 
 
 
74.41 (4.15) 
25.59 (4.15) 
10.85 (0.97) 
15.38 (3.23) 
50.37 (4.49) 
 71.77 (3.39) 
56.46 (4.22) 
22.56 (3.02) 
20.98 (3.21) 
51.45 (4.75) 
45.46 (4.73) 
3.09 (0.99) 
2.23 (0.13) 
 
 
 
2.63 (0.09) 
21.93 (0.71) 
2.55 (0.05) 
2.20 (0.10) 
51.71 (4.36) 
 
710 
96,921 
23.89 (0.20) 
14.66 (0.27) 
19.47 (0.65) 
78.41 (2.54) 
21.59 (2.54) 
86.56 (1.62) 
6.08 (1.19) 
4.74 (0.88) 
2.20 (0.08) 
 
 
66.80 (3.28) 
33.20 (3.28) 
9.45 (0.63) 
13.47 (1.82) 
41.78 (3.06) 
69.27 (3.53) 
51.68 (3.35) 
23.76 (2.62) 
24.56 (3.27) 
 63.14 (2.94) 
 34.20 (3.00) 
2.66 (0.10) 
2.11 (0.06) 
 
 
 
2.65 (0.07) 
21.84 (0.39) 
2.57 (0.04) 
2.30 (0.08) 
41.28 (2.92)    
 
636 
143,726 
24.21 (0.13)  
15.77 (0.11) 
18.68 (0.34)   
73.07 (0.10)  
26.93 (0.10)  
84.12 (0.80)  
8.04 (0.77)  
 5.61 (0.60)  
 2.84 (0.04) 
 
  
74.52 (1.65)  
25.48 (1.65)  
15.40 (0.30)  
15.39 (1.02)  
48.71 (1.60)  
82.77 (1.34)  
48.16 (1.70)  
26.51 (1.46)  
25.33 (1.72)  
57.69 (1.60)  
39.54 (1.63)  
2.78 (0.65)  
2.54 (0.04) 
 
 
  
2.58 (0.04)  
22.07 (0.23)  
  2.51 (0.02)  
2.12 (0.05)  
41.66 (1.74)  
 
948 
1,600,043 
24.19 (0.12)  
15.70 (0.10)  
18.76 (0.28)  
73.65 (0.82)  
26.35 (0.82)  
84.43 (0.71)  
7.95 (0.67)  
5.42 (0.52) 
 2.76 (0.03) 
 
 
73.91 (1.48) 
26.09 (1.48) 
14.69 (0.25) 
15.24 (0.88) 
48.26 (1.43) 
81.13 (1.19) 
48.88 (1.53) 
26.09 (1.30) 
25.04 (1.59) 
57.79 (1.42) 
39.43 (1.42) 
2.78 (0.57) 
 2.49 (0.03) 
 
 
 
 2.59 (0.03) 
22.04 (0.21) 
2.51 (0.02) 
2.14 (2.14) 
42.16 (1.50) 
 
2294 
1,840,690 
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 Table 4.2 
Correlations between key independent variables.  
 Classroom 
Autonomy 
Administrative 
Support 
Behavioral 
Climate 
 
Classroom Autonomy 
Administrative Support  
Behavioral Climate 
 
 
1.000 
0.219 
−0.106 
 
 
1.000 
−0.298 
 
 
 
1.000 
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Table 4.3 
Transitions of teachers, by teacher and school characteristics 
 Percent of Teachers Who  
 Leave 
Teaching 
Switch 
Schools 
Remain in 
School 
Number 
Teachers 
Population 
Size 
Experience 
0-5 Years 
>5 Years 
 
Gender 
Male 
Female 
 
Age 
<30 
30-39 
40-49 
>50 
 
Race/Ethnicity 
European Amer. 
African Amer. 
Other 
Latino/a 
 
Salary 
<$30,000 
$30,000-$39,999 
$40,000-$49,999 
>$50,000 
 
Urbanicity 
Rural School 
Urban School 
Suburban       
     School 
 
Union 
Member 
Non-member 
 
Overall 
 
 
7.96 
4.54 
 
 
5.06 
5.50 
 
 
9.51 
6.43 
4.43 
3.13 
 
 
5.49 
5.19 
2.56 
5.51 
 
 
8.87 
5.35 
3.28 
4.69 
 
 
4.61 
4.67 
6.15 
 
 
 
4.84 
95.16 
 
5.39 
 
 
13.75 
5.87 
 
 
6.10 
8.39 
 
 
15.62 
8.54 
6.70 
3.85 
 
 
7.67 
8.44 
12.92 
7.15 
 
 
10.74 
9.52 
6.35 
4.00 
 
 
7.00 
8.13 
8.08 
 
 
 
7.03 
92.97 
 
78.29 
88.59 
 
 
88.84 
86.11 
 
 
74.87 
85.03 
88.87 
93.03 
 
 
86.84 
86.37 
84.52 
87.34 
 
 
80.39 
85.13 
90.37 
91.31 
 
 
88.39 
87.20 
85.77 
 
 
 
88.13 
11.87 
 
86.77 
 
 
1,563 
1,942 
 
 
1,017 
2,488 
 
 
1,083 
848 
882 
692 
 
 
2,968 
211 
132 
194 
 
 
1,207 
1,255 
594 
449 
 
 
1,137 
804 
1,564 
 
 
 
682 
2,823 
 
3,505 
 
 
727,184 
2,188,406 
 
 
709,705 
2,205,886 
 
 
486,460 
703,553 
908,183 
817,415 
 
 
2,473,988 
210,865 
74,216 
156,522 
 
 
564,034 
1,037,830 
698,312 
615,414 
 
 
705,001 
754,628 
1,445,961 
 
 
 
567,665 
2,347,925 
  
7.83 
 
2,915,590 
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 Table 4.4 
Estimated effects of workplace conditions and teacher characteristics on the 
probability that teachers leave their current post, by experience (standard errors in 
parentheses). 
  
All Teachers 
Teachers with <5 
Years of 
Experience 
Workplace Conditions 
     Classroom Autonomy  
 
     Administrative Support  
 
     Behavioral Climate 
 
Teacher Characteristics 
     Male 
 
     African American  
 
     Latino/a 
 
     Other 
 
     Age 
 
     Married  
 
     Experience (years) 
 
     Earnings  
 
     Teaches Math/Science  
 
     Has Advanced Degree  
 
     Union Member  
 
 
N 
Population Size 
 
0.001 
(0.016)  
−0.052** 
(0.021)  
 0.004 
(0.010)  
 
 −0.197 
(0.142)  
−0.204 
(0.296)  
−0.596** 
(0.256) 
−0.271 
 (0.424) 
−0.247** 
(0.106)  
−0.099 
(0.183)  
−0.036*** 
(0.013)  
−0.095 
(0.088) 
−0.150 
(0.213)  
 0.247* 
(0.129)  
−0.677*** 
(0.180)  
 
2294 
1,840,690 
   
0.016 
(0.030) 
−0.078** 
(0.039) 
 0.026** 
(0.013) 
 
 −0.120 
(0.238) 
−0.426 
(0.501) 
−0.637* 
(0.386) 
−0.329 
(0.680) 
−0.201 
(0.127) 
 0.160 
(0.228) 
−0.165* 
(0.089) 
0.048 
(0.195) 
−0.402 
(0.301) 
 0.056 
(0.271) 
−0.862*** 
(0.255) 
 
1,042 
464,284 
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 Table 4.5 
Marginal effects of workplace conditions calculated from logit regressions. 
  
All  
Teachers 
Teachers with <5 
Years of 
Experience 
Workplace Conditions 
     Classroom Autonomy  
 
     Administrative Support  
 
     Behavioral Climate 
 
Teacher Characteristics 
     Male 
 
     African American  
 
     Latino/a 
 
     Other 
 
     Age 
 
     Married  
 
     Experience (years) 
 
     Earnings  
 
     Teaches Math/Science  
 
     Has Advanced Degree  
 
     Union Member  
 
 
--- 
 
−0.005** 
 
 --- 
 
 
--- 
 
--- 
 
−0.047*** 
 
--- 
 
−0.024** 
 
--- 
 
−0.004*** 
 
--- 
 
--- 
 
0.024* 
 
−0.078*** 
   
--- 
 
−0.012** 
 
 0.004** 
 
 
--- 
 
--- 
 
−0.083** 
 
--- 
 
--- 
 
--- 
 
−0.025* 
 
--- 
 
--- 
 
--- 
 
−0.152*** 
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Table 4.6 
Multinomial logit estimated effects of workplace conditions and teacher 
characteristics on the probabilities that teachers leave the field of teaching or 
switch schools, by experience (standard errors in parenthesis). 
  
All  
Teachers 
Teachers with <5 
Years of 
Experience 
I. LEAVE TEACHING 
 
Workplace Conditions 
     Classroom Autonomy  
 
     Administrative Support  
 
     Behavioral Climate 
 
Teacher Characteristics 
     Male 
 
     African American  
 
     Latino/a 
 
     Other 
 
     Age 
 
     Married  
 
     Experience (years) 
 
     Earnings  
 
     Teaches Math/Science  
 
     Has Advanced Degree  
 
     Union Member  
 
 
 
 
 
 
 
 
 
 
 
0.003  
 (0.026) 
0.007  
  (0.045) 
0.004  
(0.019) 
 
−0.176  
(0.220) 
 0.014  
(0.444) 
−0.839**  
(0.379) 
−1.063** 
(0.474) 
−0.206  
(0.156) 
 0.147  
(0.256) 
−0.030  
(0.020) 
−0.118 
(0.145) 
−0.191  
(0.319) 
 0.417** 
(0.198) 
−0.560*** 
(0.199) 
 
 
 
 
 
 
 
   
 
 
0.019 
(0.040) 
−0.063  
(0.078) 
 0.034  
(0.025) 
 
 0.378  
(0.383) 
−0.554  
(0.694) 
−1.076*  
(0.618) 
−1.491** 
(0.272) 
  −0.104  
(0.173) 
 0.291  
(0.351) 
−0.271**  
(0.132) 
−0.252 
(0.246) 
−0.854**  
(0.347) 
 0.194  
(0.340) 
−1.020*** 
 (0.298) 
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 Table 4.6 (continued) 
II. SWITCH SCHOOLS 
 
Workplace Conditions 
     Classroom Autonomy  
 
     Administrative Support  
 
     Behavioral Climate 
 
Teacher Characteristics 
     Male 
 
     African American  
 
     Latino/a 
 
     Other 
 
     Age 
 
     Married  
 
     Experience (years)  
 
     Earnings 
 
     Teaches Math/Science  
 
     Has Advanced Degree  
 
     Union Member  
 
 
 
 
−0.000 
(0.018) 
−0.086***  
(0.024) 
 0.005  
(0.009) 
 
−0.207  
(0.188) 
−0.372  
(0.301) 
−0.467  
(0.287) 
0.081 
(0.471) 
−0.273** 
(0.121) 
−0.251  
(0.192) 
−0.042*** 
(0.015) 
−0.072 
(0.105) 
−0.118  
(0.239) 
 0.132  
 (0.159) 
−0.741*** 
(0.232) 
 
 
 
0.013 
(0.035) 
−0.091** 
(0.037) 
 0.021* 
(0.011) 
 
−0.459** 
(0.227) 
−0.377 
(0.537) 
−0.357 
(0.414) 
−0.076 
(0.753) 
−0.263* 
(0.144) 
 0.101 
(0.238) 
−0.110 
(0.100) 
0.187 
(0.236) 
−0.170 
(0.360) 
 −0.008 
(0.307) 
−0.766*** 
 (0.306) 
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 Table 4.7 
Marginal effects of workplace conditions calculated from multinomial logit regressions. 
 Teachers with < 3 Years of 
Experience All Teachers 
   
   
   
I. LEAVE TEACHING   
   
Workplace Conditions   
     Classroom Autonomy --- --- 
   
     Administrative Support --- --- 
   
     Behavioral Climate --- --- 
   
Teacher Characteristics   
     Male --- --- 
   
     African American --- --- 
   
     Latino/a −0.026** −0.040* 
   
     Other −0.030*** −0.046** 
   
     Age --- --- 
   
     Married --- --- 
   
     Experience (Yrs) --- −0.014** 
   
     Earnings --- --- 
   
     Teaches Math/Science --- −0.037** 
   
     Has Advanced Degree 0.018** --- 
   
     Union Member −0.025** −0.063*** 
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   (Table 4.7 (continued) 
   
  II. SWITCH SCHOOLS 
   
  Workplace Conditions 
--- ---      Classroom Autonomy 
   
−0.005 −0.009**      Administrative Support 
   
--- 0.002*      Behavioral Climate 
   
Teacher Characteristics   
     Male --- −0.048** 
   
     African American --- --- 
   
     Latino/a --- --- 
   
     Other --- --- 
   
     Age −0.015** −0.027* 
   
     Married --- --- 
   
     Experience (Yrs) −0.002*** --- 
   
     Earnings --- --- 
   
     Teaches Math/Science --- --- 
   
     Has Advanced Degree --- --- 
   
     Union Member −0.049*** −0.082** 
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 Chapter 5 
Conclusion 
 
Dissertation Summary 
 The analyses in this dissertation explore the roles of preparation program, characteristics, 
and workplace conditions on teacher effectiveness and turnover. They  establish that the number 
of math content hours, math education hours, and overall college GPA impact students’ 
academic gains, while additional data is needed to determine the causal impact of preparation 
program on student gains. The third empirical chapter concludes that administrators’ influence 
over workplace conditions may not be an effective tool to mitigate teacher turnover.   
 The current data do not allow concrete conclusions to be drawn about the causal effect of 
preparation program on student gains. Despite the lack of novice teachers in the sample, certain 
teacher preparation coefficients demonstrated statistical significance with specific populations of 
students. Prior research indicates that preparation effects should not be detected among a more 
experienced sample, because collaboration between colleagues and school effects are stronger 
than preparation effects after three or more years of experience (Noell and Burns, 2006). 
Additional analyses indicated that these “program effects” picked up in the Kentucky school 
district data are probably due to teacher stratification among specific schools that experienced 
random school testing trends during the period of interest. Therefore, the effects should not be 
attributed to the quality of the teacher training program. Once additional data are collected, the 
design of this study will allow the researchers to distinguish reduced-form effects, which is an 
important first step in identifying the types of training that lead to actual student gains in the 
classroom. The concrete establishment that teacher preparation programs are differentially 
successful in training teachers to make student gains will allow future studies to identify the 
unique combination of activities or qualities undertaken by high-quality programs that lead to 
success in the classroom.   
The teacher stratification problems do not affect the analysis of teacher characteristics on 
student gains, however. The second empirical chapter explores whether teacher characteristics, 
such as their academic performance during their undergraduate training, impacts student gains. 
Out of all the teacher qualifications considered – overall GPA, math content hours, math GPA, 
math education hours, and math education GPA, only overall GPA consistently, positively 
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 impacts students’ math gains, although the effect does not persist over time. Consistent with the 
idea that teacher collaboration and school effects become more important than teacher 
preparation over time, the analysis shows that teachers with higher GPAs start out their careers at 
an advantage over their low-performing peers the advantage diminishes each successive year. 
The result is robust across student group and model specification, making it an important 
characteristic to include in teacher value-added models. Math education GPA and math content 
hours also predict student gains, but the results are less consistent. Despite the initial negative 
effect of math education GPA, students start making positive gains during the teachers’ fifth year 
in the classroom. Math content hours is an interesting characteristic to consider because it is the 
only teacher attribute that continually results in positive student gains, rather than diminish over 
time.  
Chapter 4 explores the role of workplace conditions on turnover, which is known to be 
detrimental to student learning. Teachers leave the profession and switch schools for many 
reasons, which may include family or financial considerations, dissatisfaction with the job duties, 
or disappointment with the workplace itself. While administrators have no control over many of 
these, they do have the authority to manipulate workplace conditions to help retain more 
teachers. The analysis determines that workplace conditions – administrative support, classroom 
control, and behavioral climate – do not affect the quit decisions of either new or experienced 
teachers. However, these conditions do predict whether teachers will switch to another school, 
despite small effect sizes. One possible explanation is that leavers have much stronger reasons 
for making their transition decisions than movers and are less likely to be swayed by workplace 
conditions. Classroom control never predicts the transition decisions, which may be explained by 
the increased demands of the high-stakes testing environment. New restrictions imposed by 
federal and state policies may constrain teachers’ classroom autonomy more than the individual 
school policies and practices.  
  
 
Reflections on Race 
Two of the empirical chapters in this dissertation run the models separately by student 
race. Both sets of analyses indicate that indicator variables representing students’ race do not 
adequately reflect the nuanced effect of teacher characteristics on students. African American 
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 students tend to be differently and more strongly affected by their teachers’ characteristics than 
their European American peers. For example, a finding across the two empirical chapters that use 
the Kentucky school district data is that teachers’ overall GPA consistently exerts a positive 
influence on the academic gains of African American students while European American 
students largely remain unaffected. Additional data may help determine whether this is a 
statistical artifact or a reflection of reality. African American students are generally assigned to 
teachers with lower levels of academic characteristics. It may be that a standard deviation 
increase in the lower end of the overall GPA distribution may have a larger impact on student 
gains than an increase at the upper end of the distribution. Additional student-teacher matched 
observations will allow the researcher to conduct further analyses examining these distributional 
effects on the gains of African American students. Assuming that the results of the analysis are 
correct, then studies that examine teacher qualifications on pooled samples alone may miss 
important relationships between teacher characteristics and student achievement that exist within 
student subgroups.  
  
Policy Discussion 
The findings of this dissertation inform ongoing policy debates that are relevant to 
stakeholders at all levels of the educational system. Much of the research and debate on teacher 
attrition focus on using increases in salary and merit pay as policy tools to reduce turnover. 
However, these tools are of limited use to local school administrators because salary schedules 
are set largely at the district level. The empirical chapter on teacher turnover focused on policy 
levers that can be influenced at a more local level – workplace conditions. While the workplace 
conditions exerted little influence over the transitional decisions of teachers, the study does 
provide indications that movers respond differently to these inputs than leavers. This is relevant 
to administrators who may want to focus on taking actions that are specifically targeted toward 
retaining those teachers who are thinking of switching schools. The current study is unable to 
speak to the mechanisms behind the protective effect of union participation on switching or 
leaving schools, but there is some evidence that union participation could be an additional tool in 
administrators’ arsenals. Further analyses are needed that fully investigate this relationship. 
This study also informs the policy debate on pathways to teacher certification. The issue 
is usually framed in a manner that pits the traditional pathway against alternative pathways, and 
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 researchers and policy makers debate on the merits of each. The results of the teacher 
characteristics demonstrate the value of both content and pedagogical knowledge on student 
gains. More importantly, they show that high academic performance exerts the strongest 
influence on student gains. This suggests that the framework of the pathways debate could be 
updated to reflect the merits of high academic performance in either pathway versus the 
detrimental effects of low academic performance in either pathway.  
The complex and seemingly contradictory nature of educational research has enabled 
these debates and others to rage for decades, and they will undoubtedly continue for many more 
to come. Promising advances in statistical techniques and data collection efforts are facilitating 
much new and exciting research that brings stakeholders closer to answering many of these 
critical questions. However, as these three studies demonstrate, the necessary data elements are 
exceptionally challenging to encounter.  
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